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PREFACE 

By F. H. McLearn , Geological Survey , Canada 

In the study of the Mesozoic stratigraphic palaeontology of south- 
western Alberta, undertaken by the writer in the summers of 1914 and 
1915, particular attention was given to the country around Blairmore, 
Alberta. By reason of its accessibility, its central location, the presence 
of good exposures, and the amount of study already devoted to it by earlier 
workers, it served well as a type or standard area in which the faunal and 
floral succession could be established, in large part, for southwestern 
Alberta. This work formed part of an extended examination by the 
Geological Survey of the Mesozoic strata and coal deposits of the foot- 
hills of southern Alberta in which particular attention was given to the 
Blairmore area. The detailed study of this area was begun by W. W. Leach 
and was continued by B. Rose. The final report on the geology has not 
yet been published, but a map 1 on a scale of one mile to the inch, with 
structure sections, has been issued. 

The town of Blairmore is in the eastern part of the foothills, in the 
valley of Crowsnest river. To the west the foothills extend to the eastern 
flanks of the Rocky mountains, near Crowsnest lake. To the east lies 
the outer or Livingstone range and to the south an area drained by Castle 
(or South Fork) river and its tributaries. 

In the field, collections of fossil invertebrates and plants were made 
and all sections from which they were taken were measured so that the 
faunal and floral succession could be recorded. The Cretaceous inverte- 
brates and vertebrates have been examined at Ottawa. Other material 
has been sent to authorities on special groups: S. S. Buckman, F.G.S., has 
studied the Jurassic Ammonoidea, and Professor Edward W. Berry the 
Cretaceous fossil plants. 

Acknowledgment is made to J. A. McLennan who gave able assistance 
for one month in 1915; to A. O. Hayes who found the Inoceramus Lund- 
breckensis locality near Lundbreek; to Dr. W, F. Ferrier for a valuable 
collection of Jurassic fossils from Blairmore, the first collection made 
of the C. munda fauna; to Dr. T. W. Stanton for aid in the study 
of the Jurassic pelecypods; to Dr. T. W. Stanton and Dr. J. B. 
Reeside, jun., of the United States Geological Survey, for important advice 
on the study of the Cretaceous invertebrates; to C. M. Sternberg for 
examining the fossil vertebrates,* and to B, Rose for much helpful advice 
in the field; Rose in particular measured the York Creek section and found 
the U. natosini locality on Lyon creek. 

The first of the following papers is on systematic palaeontogy. The 
paper by S. S. Buckman describes some species and genera of the Jurassic 


1 Geol. Surv., Canada, Map No. 1584 (1920). 
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ammonoid family, Macrocephalitidae, discusses their biological relation- 
ships and their chronological significance. The next three papers, by Pro- 
fessor Edward W. Berry, describe the floras of the Kootenay, Blairmore, and 
Allison formations and discuss their correlations. The paper on Creta- 
ceous invertebrates describes some new species of pelecypods and a new 
variety of an ammonoid. The last paper is on stratigraphic palaeontology 
and describes the succession of faunas and floras, their relationship to the 
lithological succession, and discusses their correlation. A paper on the 
Jurassic pelecypoda was published in 1924. 1 


1 McLearn, P. H.: “New Pelecypods of the Fernie Formation of the Alberta Jurassic”; Trans. Roy. Soc., 
Canada, see. IV, pp. 39-61, Pla. 1-9 (1924). 
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INTRODUCTION 

Two ammonites from the Fernie formation of Blairmore were sub- 
mitted for identification by the Palaeontological Division of the Geological 
Survey, Canada. I expressed the opinion that they were of Macrocephalites 
aspect, indicating that the Fernie formation was of about the same date 
as the highest part of the Cornbrash of England ( macrocephalus hemera), 
but that further investigation, particularly in regard to suture-line, was 
necessary before the exact conclusion could be reached. Experience has 
shown the need for caution about like forms, especially those from distant 
areas: forms may masquerade under the guise of external similarity to 
European species and yet may possess internal differences which convict 
them of belonging to lineages of quite distinct origin. Literature is strewn 
with incorrect identifications, the result of reliance on external similarity: 
it is undesirable to add to them. Subsequently, six more specimens from 
the same locality and formation were forwarded to me with the request for 
a full investigation. 

Such an investigation would appear to be, and should be, quite simple, 
seeing how much work has been done on Macrocephalites, including Macro- 
cephalitoids , of Europe and of other parts of the world; but, in reality, it is 
complicated. Many investigations Have not been built on sure founda- 
tions, essential characters have been ignored or overlooked; as a conse- 
quence the elaborate superstructures that have been reared come crumbling 
to pieces almost at a touch. For, obviously, if these Fernie ammonites 
have a Macroeephalitic aspect, the first question to be asked of prior 
workers is, what is the genotype of Macrocephalites exactly? 

Fortunately the genotype is defined with some precision; it was not 
left, as formerly it was very frequently and often still is even at the present 
day, unsettled among a crowd of like species, without any indication to 
guide a subsequent worker choosing a genolectotype. This task should 
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not be left: the author of a new generic name should state, when he creates 
it, not only which species, but exactly and without ambiguity which speci- 
men of that species is to be taken as genolectotype — which specimen is an 
important proviso, for with the best of skill and intention an author may 
be mistaken in his identification; therefore, if he leave the question open 
between various specimens belonging, as he thinks, to one species, he is 
leaving, possibly, a legacy of trouble. If he leave it open between many 
species he is risking disaster. 

The genotype of Macrocephalites is Macrocephalites macrocephalus 
Zittel 1 (not Ammonites macrocephalus Schlotheim) from “Callovian, 
Ehningen (Wurttemberg)” (Fig. 655, p. 470). He gives a woodcut repre- 
senting the side-view of the specimen, but does not say whether it is natural 
size or reduced. This omission is serious, for a large species with coarse, 
somewhat distant ribs apes, when reduced, the form of a small species 
with fine ribs: this is misleading. But there is a more serious omission — 
no suture-line is figured. The information is given that the suture-line is 
“tief zerschlitzt” — deeply divided. There are certainly two species like 
ZitteFs figure, supposing it to be of natural size: one has quite a simple 
suture-line, the other has a very elaborate one. Like as it is, therefore, 
to ZitteFs figure the first one may, perhaps, be ruled out, but it is not 
certain that the second one can be accepted. Deeply divided is not an 
exact term : it might be applied to a suture-line less elaborate than that of 
the second one. The possibility that there may be a third like species — 
one intermediate in regard to suture-line — is not to be overlooked: the 
suture-line of such third hypothetical form might be called deeply divided 
without being so remarkably elaborate as that of the form No. 2. But, 
further, Zittel has not given the necessary evidence that he actually 
described the suture-line from the specimen that he figured. This may 
not have shown a suture-line: the observation as to suture-line may have 
been made from another, apparently quite similar, example. From the 
remarks made above, it can be seen how unsafe and misleading this may 
possibly be. Therefore, at the very outset it is obvious that this investi- 
gation is not as simple as it should be considering the work done. In order 
to lay a really sure foundation it is necessary to see the actual specimen 
that was portrayed in ZitteFs woodcut. But here may be trouble; the 
woodcut may not be an original one, it may be merely a copy of some 
figure, so much reduced as to be recognizable with difficulty. 

The interpretations that have been given of ZitteFs figure are notable. 
Parona and Bonarelli (p. 118) cite ZitteFs figure in their synonymy of 
Macrocephalites canizzaroi (Gemmellaro), and then say that this species 
“est la forme la plus comprim^e du groupe des [ Macrocephali ] rectecostati” 
But ZitteFs figure does not show truly straight ribs: they are mainly 
arcuate, in places somewhat S-shaped, on the lateral area. I have not 
been able to see the original figure of Stephanoceras canizzaroi Gemmellaro 
(1, Pl. IX, figs. 9-11), as the work is not in the Library of the Geological 
Society of London; but Dr. L. F. Spath kindly informs me that “Gem- 
mellaro’s canizzaroi is a slightly distorted specimen of probably the same 
species as his later macrocephalus ” (2, PI. iv, fig. 1) : this is a flexiradiate 
form. 


* See alto page 8. 
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Blake cites ZitteFs figure as a synonym of his Macrocephalites typicus 
(p. 42). The large example of this species (PI. Ill, fig. 1) which, though 
Blake does not say so, is presumably the type, is distinctly flexiradiate — 
it differs from ZitteFs figure by the greater coarseness of ribbing; but if 
ZitteFs figure is a much reduced one this difference would vanish. 1 Blake’s 
PI. Ill, f. 1, will now be taken as the lectotype of Macrocephalites typicus , 
for the young specimens which he figures (PI. Ill, f. 2; PI. IV, f. 5) are 
different by being decidedly recticostate. It might be argued that recti- 
costation is a true feature of young forms, being changed later to flexi- 
costation. This is possible, but Blake gives no evidence: a specimen or 
specimens showing such a change would have been the necessary proof. 
On the contrary he figures by the same name of M. typicus (PL III, fig. 3) 
another example of about the size required — this shows flexicostation chang- 
ing to recticostation. Further, there is no evidence of suture-line to prove 
that all these forms belong to one species. Nor is suture-line given by 
Blake for his large shell, so that, however like this specimen may be ZitteFs 
figure, there is, taking account of homceomorphy, no certain proof of iden- 
tity. Blake, on the other hand, mentions (II, p. 42) a specimen from 
“Peterborough (No. 27)” which “shows the last suture followed by a 
complete whorl.” This specimen is in the collection of the Geological 
Survey of England (No. 8651) and on it is a label relating to the suture-line 
saying “Diagram 4.” In Fig. 4, Blake (p, 46), is a reproduction of the 
suture-line of this specimen; but Blake has omitted to say anything about 
it: the title of Fig. 4 “Adult suture-line of Macrocephalites compressus ” 
can only refer to the large suture-line. This large one is very different 
from the small one — the former could be called “deeply divided”; the 
latter could not — it is particularly simple. Such a suture-line cannot allow 
the specimen to agree with ZitteFs description. This specimen is the 
one that I have referred to above as so like ZitteFs figure, but differing 
from his description in its simple suture-line. 

The exact identification of the genotype of Macrocephalites is a neces- 
sary prelude to any determination as to which family the genus should 
belong and, also, as to whether species of Macrocephalitoid aspect can be 
grouped in the same family. How easily homceomorphy may mislead in 
this respect can be judged from the forms which Zittel cited as examples 
of his genus. He says (p. 470) that about 40 species belong to it, among 
them A. morrisi Oppel which is now placed in the family Tulitidae S. 
Buckman (3, p. 43), A. keppleri Opp. which Neumayr and TJhlig separated 
as Kepplerites (p. 53) recognizing its affinity to Cosmoceras (Kosmoeera- 
tidae, Hyatt, S. Buckman, 3, p. 53). The Macrocephalitoid aspect of 
certain adult Kosmoceratids is an interesting phenomenon; these Kosmo- 
ceratids and the Macrocephali occur at about the same date, which may be 
a ‘cause of trouble. 

From the above remarks it is obvious that the palaeontological part 
of this investigation is by no means simple. The same may be said of the 
investigation in its chronological aspect. In a general way the Macro- 
cephali of Europe are known to be about of the date of the upper Corn- 
brash-lower Kellaways of England or B athonian-C alio vian border-line of 
continental geologists. But when more exact information is required, as 


1 See, however, page 8. 
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it is at the present day, deta ils are sadly lacking. The occurrence and 
positions of Macrocephali , even in a country like England which has been 
geologically so much investigated, are known with very little precision. 

At how many horizons do the Macrocephali occur? It is very neces- 
sary to have exact information on this point and as to the chronology of 
Macrocephalitids before any attempt is made to deal with their geogra- 
phical distribution. Macrocephalites has been regarded as a fine example 
of wide distribution of an Ammonite genus — in other words that a deposit 
of a given date, characterized by yielding species of Macrocephalites , was 
not only laid down over a very large geographical area, but, what is more 
important, that this deposit has been preserved: it has not, like so many 
other deposits which were, perhaps, laid down over an area equally wide- 
spread, suffered from denudations both pene-contemporaneous and post- 
contemporaneous. It would be interesting to think of the Fernie forma- 
tion as a part of this widespread deposit and to draw a map showing its 
connexion with South America, the Arctic, Europe, Asia, and perhaps 
Australia; but it would be hazardous. There are not only the palaeonto- 
logical doubts as to generic and specific, not to mention possibly family, 
identity which have been referred to, but there are the geological doubts 
as to whether the species are found in one deposit or in various sequent 
deposits: both these engender chronological doubts as to whether the 
Macrocephali lived at one date or at several dates; and all these together 
produce doubts as to whether such a palseogeographicai map would be 
correct. For it makes all the difference if only one deposit or if several 
sequent deposits contain the species. In the first case there would be a 
phenomenon of stratal spread and preservation which is rather exceptional; 
in the second place there would be a phenomenon of the more usual type — 
limited spread of strata of each particular date because of pene-contempor- 
aneous erosions — an isolated patch of one date at one place, another iso- 
lated patch of a somewhat different date at another place, and so on, the 
whole spread having a false appearance of contemporaneity, first, because 
of stratigraphical position and, secondly, because of the general similarity 
in form of the contained ammonites; but when the suture-lines come to be 
thoroughly investigated it is to be expected that such likeness will be found 
to be more apparent than real. 

Sufficient has now been said to show that the questions that arise 
in connexion with a few specimens cannot with present knowledge be 
answered off-hand, for the investigation raises issues that are fairly 
complicated. But having said this much it is advisable to describe the 
Canadian specimens; afterwards it may be possible to supplement these 
remarks. 

A casual comparison of d‘Orbigny ? s figure of Ammonites macrocephalus 
(PI. CLI) and Zittel’s figure of Macrocephalites macrocephalus (p. 470, 
fig, 655) has given rise to the opinion, informally expressed in various 
quarters, that ZitteFs figure is a copy of d'Orbigny’s, in spite of the fact 
that Zittel says his specimen is from Ehningen. Blake, though not actually 
expressing this view, comes to the conclusion that they are the same 
species, as shown by his synonymy of Macrocephalites lypicus (p. 42). 
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A critical comparison of the two figures is interesting as showing the 
importance of comparing figures of species point by point before coming 
to the conclusion that they represent the same species, certainly before 
accepting one figure as a copy of another. D’Grbigny’s figure has a quite 
straight end cutting across several ribs; it shows the ribs strong on the 
inner lateral area right up to the end, the ribs are also represented as 
regularly bifurcate about the middle of the side, no intercalate ribs being 
shown: there are 46 primary ribs — 2 unfinished =44 primaries and 89 
secondaries = 1 to 2: the curve of the ribs in relation to a straight line is 
somewhat S-shaped. 

Zittel’s figure has a decidedly jagged end, running roughly parallel to 
the ribbing; the primary ribs are represented as becoming quite indistinct 
on the inner part of the lateral area towards the end— about the last 
quarter of the whorl; the ribs are shown as sometimes trifurcate, with 
many intercalate ribs which run well on to the inner lateral area; there are 
about 35 to 40 primary ribs and about 118 secondaries = roughly 1 to 3; the 
curve of the ribs is somewhat arcuate with slight S-curve in places: a 
guide-line does not touch the arcuate ribs until arrival at venter. 

One can imagine that an artist in copying d’Orbigny’s figure could and 
would make certain mistakes; but it is difficult to imagine that he would 
make all these. He would scarcely draw a jagged border to an aperture 
where a straight one was shown; he would not draw obsolescent or rubbed- 
away ribs where they were shown quite strong and clearly; he would not 
draw persistently a trifurcate figure when the original exhibited uniformly 
bifurcate: he might make mistakes in the number of ribs and in their 
curvature, but he would rather tend to exaggerate the S-form than turn it 
into a bow-form. 

To my request for information Professor Edgar Dacque, of the Palaeon- 
tological Museum of Munich, most kindly made search among Zittel’s 
specimens and forwarded to me an example from Ehningen which agrees 
well with Zittel’s figure — the concave notch in the side of the aperture 
about the middle helps the identification. The figure is reversed and is 
reduced by one-third. The specimen has considerable likeness to Macro - 
cephalites macrocephalus race noetlingi (altered to madagascariensis p. 51) 
Lemoine (PI. Ill, 3) but Lemoine’s figure being reduced by one-third and 
yet larger than Zittel’s specimen, evidently represents a much more coarsely 
ribbed form — the difference being especially noticeable at the early part 
of the whorl where Zittel’s specimen has very fine ribs — in Zittel’s figure 
the primary ribs are drawn much too strongly. 

It is hoped to give in “Type Ammonites” figures of Zittel’s specimen — 
the genotype of M acrocephalites — at an early date. 
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PALEONTOLOGY 

DESCRIPTION OF CANADIAN SPECIES 
Order, Ammonoidea 

Superfamily, Stepheoceratacea 

All the Canadian specimens (8) to be described come from a railway 
cutting through the Fernie formation, from two spots distinguished as 
Loc. 6591 and Loc. 6593, 1 Grassy mountain, Blairmore area, Alberta; they 
are in the collection of the Geological Survey, Canada, Victoria Memorial 
Museum, Ottawa, and were obtained by F. H. McLearn. The intractable 
matrix in which tbey occur has made the study and attempt to obtain 
suture lines particularly difficult. 

Family, Macrocephalitidae S. Buckman 

1922. Macrocephalitidae S. Buckman, Type Ammonites, vol. IV, legend of 
Plate CCLXXXIIL 

More or less of sphaerocones (ex cadicones?) passing to platycones. 
Overlap of whorls considerable; umbilicus relatively small. Venter rounded 
in all stages of growth. Ribs usually numerous. Suture-line sometimes 
showing a high degree of complexity, but with very little backward curva- 
ture of umbilical lobes. Simplification of suture-line is presumably a 
phylogerontic feature. Diminution of whorl-thickness and loss of ribs 
leading to complete smoothness are phylogerontic features attained by 
different genera independently of each other and independently, so far as 
the characters themselves are concerned — thus smoothness may appear 
before there has been much diminution of thickness of whorl or it may be 
delayed until after the diminution of thickness has become very pronounced. 

The attempts to place Macrocephalites in the family Pachyceratidae, 
as an early offshoot of that stem (8. Buckman, p. xiii), or to place it in the 
Sphaeroceratidae as a late development of that (S. Buckman, p. 22) are 
not satisfactory solutions. It is evident that Macrocephalites has been 
used to cover more forms than can be fitted into one genus, and that the 
forms attributed to Macrocephalites by Parona and Bonarelli and by 
Blake, to go no further afield, require separation into several genera which 
deserve a family name. 

Dr. Paul Lemoine (1910, 1911, pp. 28, 51) has given most useful 
bibliographic lists of the species of Macrocephalites ( = Macrocephalitids and 
Macrocephalitoids) . He has analysed these species according to their 
affinities and according to their genera, thus in many cases doing the great 
service to the reader of preventing him going on useless errands — very 
essential, considering how great is the number of works which have to be 
consulted and the difficulty in many cases of obtaining them. But it is 
safe to say that if Dr. Lemoine had had at his disposal more generic names 


1 Loo. 6591. Rook thrown out from railway cut in upper thin calcareous sandstones and shale, Grassy moun- 
tain, Alberta. Loc. 6593. Same as 6591. 
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he could have very greatly increased the usefulness of his lists; because 
generic names, as he shows by those that he does employ, tend to narrow 
the field of bibliographic research. 

The original source of the Macroeephalitidae may be looked for in 
the Bajocian coronates: the forms of the family have presumably passed 
through stages of development similar to those shown in the Sphaero- 
ceratidae, particularly in the genus Labyrinthoceras S. Buckman (PI. 
CXXXIV), but the Macroeephalitidae are at present only known in the 
costate state, congruous with L. perexpansum S. Buckman (op. cit.) and 
are not known in the coronate stage, exhibited by L . extensum S. Buckman 
(PI. CCXIV). 

On this theory, then, the Macroeephalitidae are, as regards their 
ribbing, in the post-coronate, or post-tuberculate stage and no forms in 
the coronate stage are known, though the young example figured by Blake 
(Macrocepkalites macrocephalus, Pl. III, 4) comes very near to the cadicone 
coronate which this theory postulates. 

In regard to suture-line the Macroeephalitidae show a character 
pertaining to the Sphaeroceratidae, the Tulitidae, and the Pachyceratidae — 
feeble development of the backward curvature of the umbilical lobes: in 
the Btepheoceratidae this character is very strongly developed. 

In geological position the Macroeephalitidae follow the Tulitidae; 
but are separated from them by part of the Great Oolite, by the Forest 
Marble, and by the main of the Cornbrash— formations which represent a 
far longer interval of time than has hitherto been supposed. That the 
Tulitidae can produce macrocephalitoid forms is shown by the. genera 
Pleurophorites, Morrisites, and Morrisiceras S. Buckman (3, pp. 43-48); 
but the feebleness of ribbing in the Tulitidae is against that family being 
regarded as the direct ancestor of Macroeephalitidae. A form like Tulites 
cadus B. Buckman (p. 45) with ribs much stronger and running straight, 
not curved, across the venter, may be expected as the ancestral form of 
the Macroeephalitidae. 

Evidence for straight ventral ribs as the primary feature in Macro- 
eephalitidae is shown by young examples figured by Blake (PL III, 2, 14, 
3, IV, 5), and may be inferred in others of which he does not give ventral 
views (PI. Ill, 4, PL III, 5). In fact, none of his Macrocepkalites , large or 
small, seems to show anything but ribs straight across venter. 

To Cadoceratidae the Macroeephalitidae have a superficial resemb- 
lance at times, but the manner of development is different: the Cadocera- 
tidae pass from platycone with sometimes sharp almost carinate venter to 
cadicone or sphaerocone, losing ribbing with increase of thickness; the 
Macroeephalitidae pass from sphaerocone to platycone, losing ribs as 
thickness declines. 

From certain Kosmoceratidae with macrocephalitoid aspect the 
Macroeephalitidae differ by showing, in the inner whorls, no sign of the 
flattened zone on the venter, which is known as the runcinate stage. More- 
over, the Kosmoceratidae generally show decided lateral uni- or bi-tubercu- 
lation and a simple suture-line. One, sometimes two, of these characters 
will be present to reveal a Kosmoceratid in cases of doubt, as when the 
runcinate venter of inner whorls is not visible. 
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Genus, pakacephalites nov. 

Genotype, Paracephalites jucundus nov. 

Sphaerocone, flexicostate [passing to platycone, smooth] 1 ; suture-line 
fairly elaborate, [becoming less so in smooth stage]; EL (external lobe) 
longer than LI (first lateral lobe), L2 (second lateral lobe) about three 
parts as long as LI ; umbilicus gradate with convex walls, the chord of the 
arc at right angles to the plane of the conch. 

The primary ribs begin at contact-line of whorl, passing over umbilical 
wall with a curve concave forwards, they bifurcate a little beyond the 
umbilical wall, about on line of S2 (second lateral saddle), and there are 
occasional intercalate ribs — the secondary ribs are about versiradiate in 
direction and pass straight over venter. All ribs are rounded and not of 
very strong relief. 

The genus differs from Macrocephalites in having a much simpler 
suture-line. 

A few words may be said about Ammonites mdcrocephalus Schlotheim. 
This was named by Schlotheim in 1813 (p. 70). The protolog reads as 
follows: a Ammon[ites] macrocephalus Oryct. nor suppl. T.XIL F. 8.” Thus 
the figure in Baier (Suppl. PI. XII, f. 8), is the protograph and the specimen 
which it depicts is the holotype. The protograph has been reproduced by 
Blake (p. 43): it represents a sphaerocone, something like a cricket ball 
with a small umbilicus, fairly strong ribs, and, presumably, a rather elab- 
orate suture-line. This form would not at the present day be regarded 
as the same species nor even as the same genus as the Macrocephalites 
macrocephalus Zittel, which is the genotype of Macrocephalites. Zittel 
happens to have followed approximately d’Orbigny’s incorrect determin- 
ation of Schlotheim’ s species. 

It is obvious that Paracephalites in shape, rib'bing, and, possibly, 
suture-line is nearer to Am. macrocephalus Schlotheim, than it is to Macro- 
cephalites. But it would not, therefore, be advisable to say that Schlo- 
theim’s species is a Paracephalites: observation of certain English material 
which has a more satisfactory similitude to Schlotheim’s species suggests 
that still another genus is involved and that the complexity to be unravel- 
led in regard to Macrocephalitids is far greater than the hitherto very 
casual naming of forms expresses. 

* 

Paracephalites jucundus nov. 

(Plate II, figures 1-3) 

Holotype No. 8600; loc. 6593, Grassy mountain 

Proportions, 2 S. 34,-, 65,-, 46, 47, 65, 23 

Size of specimen, c. 50 mm. Maximum size, e. 80 mm. 

Proportions of suture line of 22 mm. breadth of whorl, EL 64, LI 
57, L2 36 per cent 

Proportions of suture-line at 38 mm. curve of whorl, EL 37, LI 33, 
L2 21 per cent 

1 The words placed in square brackets in this and other generic descriptions refer to characters which are taken 
from specimen or specimens other than the genotype. 

1 For explanation of method of stating proportions and meaning of symbols See S. Buckman, 2, p. viii (1913). 
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Sphaerocone of stout Maerocephalitid aspect, rounded ribs of some- 
what low relief, primaries curved, beginning at line of contact and running 
over a convex, indistinctly defined inner margin; secondary ribs arise from 
primaries, partly as bifurcates, partly as intercalates, they fall back some- 
what from line of primaries and have a general versiradiate direction: they 
pass quite straight over venter. The rather small umbilicus is gradate, the 
chord of the convex wall is what is usually called perpendicular, that is at 
right angles to the median plane of the conch: it does not fall outwards to 
make an umbilicus larger externally and it does not fall inwards, or over- 
hang, to contract it. 

The suture-line, of which the proportions are given above in relation 
first to the actual breadth of whorl in a plane and secondly to the curve 
of the whorl, shows a rather long EL with a well-marked accessory branch, 
a tridactyloid LI, and a somewhat plain L2 which does not quite reach 
down to the level of the inner dactylus of LI. 

Macrocephalites pila Nikitin, 1885 (p. 50, Pl. (VIII) X, 45, 46) from 
“lower Kelloway Clays of Elatrna,” Russia, is a similar species: primary 
ribs, however, are straight or very little curved — the figure is not clear, 
the description says nothing about curving — and proportions F. 34, -, 77, 
60, 49, 77, 18, show a much stouter shell with smaller umbilicus. The 
suture-line is somewhat similar, but the two-pointed end of LI shown by 
Nikitin looks doubtful: L2 is rather longer than in the Canadian shell and 
aux.l is larger. 

Several other species may be compared with P. jucundus: Stephano - 
ceras grantanum (Oppel) Waagen (PL XXXVI, f, 6), from the macrocephalus 
zone, has much the same proportions, but the ribs^are more laminate and 
have considerable irregularity. Stephanoceras diadematum Waagen, Pl. 
XXX, f. 3 (not PL XXX, f. 4, which is another, a much thicker species), 
also from macrocephalus zone, has ribs which are similar in their relief and 
a suture-line which is not unlike that of the present species; but it is too 
stout to be the same species; it suggests a biologically earlier form of the 
same genus, but against this is the curvature of ribs on venter and the 
greater length of L2 of suture-line. Stephanoceras subtumidum Waagen, 
from the Knutkote Sandstone (Argovian?), Macrocephalites macrocephalus 
Blake (PL III, f. 4, and Pl. III, h 5), Cornbrash ( macrocephalus zone), are 
all to be rejected on account of their very straight lateral ribbing, like as 
they are in proportions. Macrocephalites herveyi Blake (Pl. III, fig. 7, 
PL IV, fig. 1), macrocephalus zone, has somewhat the required proportions 
and also somewhat of the curved ribbing required; but differs decidedly 
in suture-line: this is not given by Blake, but I have the specimen before 
me. 


Other comparable species in the run of ribbing are Stephanoceras 
zirkeli Steinmann (p. 269, PL XII, fig. 5) and Stephanoceras chroolithicum 
Steinm. (p. 270, PL XI, 3) from Caracoles, Bolivia; but in both cases 
thickness is too great and umbilication too small. Comparison of such 
forms without any suture-line is of little value; though the likeness may 
suggest that they lived about contemporaneously. 
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Paracephalites glabrescens nov. 
(Plate I, figures 1-3; Plate II, figures 4-6) 


8601; 

loc. 6591, 

Grassy 

mountain 

36, 

45, 

47-5, 

14 

50, 

45, 

50, 

14 

65, 

51, 

55, 

14 

92, 

49, 

50, 

17 

101, 

46, 

47, 

16*5 


The specimen was fortunately broken in transit about across the centre, 
which allowed of these various measurements; but owing to condition of 
specimen all the measurements must be regarded as approximate ( See 
Plate II, figures 5, 6). 

Maximum size of specimen c. 125 mm. 

Suture-lme at 31 mm. breadth of whorl (Plate II, figure 4), 

EL 63, LI 55, L2 32 per cent 
Suture-line at 45 mm. breadth of whorl (Plate I, figure 1), 

EL 51, LI 47, L2 22+ per cent 
Suture-line at 64 mm. on the curve of whorl. 

EL 36, LI 33, L2 15*5+per cent 


The L2 of Plate I, figure 1, has suffered abrasion: it would be about 
2 mm. longer and so give c.27 and c.19 per cent respectively. 

Sphaerocone passing to subplatycone; costate passing to smooth; 
umbilicus gradate with convex walls, the chord at right angles to plane 
of conch. 

The specimen is entirely camerated, there being no body-chamber; 
it is broken, having lost a portion of the outer whorl ; it is also considerably 
worn, but it can be seen that the ribs give place to smoothness, though the 
wearing may have made it appear somewhat earlier than it actually does. 
There is suspicion of slightly elliptical growth (ellipticone), though this 
cannot be positively stated on account of the breakage; but there is 
certainly a slight elliptical character about the coil of the umbilicus — in 
the next whorl, part of which the specimen presumably possessed as body- 
chamber — there may have been several cameras before the body-chamber 
began — the umbilicus might be expected to expand considerably (excen- 
trumbilication), but all signs of contact line of this whorl have been worn 
away. Abrasion has somewhat affected length and elaboration of L2 
and aux. 1 (first auxiliary) on the side shown in Plate I, figure 1. 

This species differs from P. jucundus in less thickness, less ornament, 
and a smaller umbilicus; the suture-line also is somewhat less florid, even 
allowing for abrasion, as if simplification were setting in with the smooth- 
ness. The measurements of the two suture-lines of the specimen show 
proportionate reduction with growth (See above). 

This species has some likeness to Macrocephalites koeitliizi Pompeckj 
(1, p. 70, PL II, f. 12, letter-press fig. 12, p, 71) from Franz Josef Land. 
This also becomes smooth. But there are important differences in Pom- 
peckj ’s shell: it differs in proportions, which he gives as T. 60, 50, 57, 12™ 
that is to say his shell is a little thicker but has a decidedly smaller umbili- 
cus. It might, however, be thought that his shell w r as a further develop- 
ment of the present one, but it differs in ornament — the ribs pass with a 
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good forward sweep over the venter and it differs in suture-line — EL is just 
shorter than LI and LI has not such a long — terminal lobule; then SI is 
much shallower than ES (external saddle), consequently though L2 is 
about the same length as in the present species it occupies a different 
position on the shell, and so instead of ending at about or rather before 
the line of the inner lobule of the tridactyloid ending LI it comes below it 
and extends to the guide-line: in P. glabrescens L2 ends well short of the 
guide-line. The proportions of the suture-line of Pompeckj ’s species 
taken from his figures are approximately: 

Proportion of whorl-breadth of 29 mm., 

EL 41*5, LI 34*5, L2 28 per cent 

Proportions on whorl-curve of 39*5 mm., 

EL 30, Ll 25, L2 20 per cent 

As both ornament and suture-line of Pompeckj ’s species differ from those 
of the Canadian shell, it cannot belong to the same lineage as Paracephalites. 
On the same grounds it is not truly a Macrocephalites , though it is one of 
the Macrocephalitidae. 

Pompeckj claims (X, p. 72) that the example figured by Newton and 
Teall (PL XL, fig. 3) from the same locality by the name “ Macrocephalites 
ishmae, smooth variety” is another example of his M. koettlitzi . The 
estimated proportions of the specimen are, F.66, 56, 55, 6?: the whorl is 
broader and the umbilicus smaller than in Pompeckj ’s species. 

With the costate stage of P. glabrescens may be compared Macro- 
cephalites tumidus: Nikitin, 1881 (PL X, figs. 18, 19), from Russia. It is 
laterally flexiradiate and has a suture-line with an outer portion similar 
but rather more elaborate and an inner portion very much more elaborate. 
Proportions of conch are similar — the figures give F.70, 48, 54, 18*5. 
Ammonites tumidus Reineeke (PL V, f. 47, 48) has similar proportions— 
they are approximately F.48, 50, 55, 18; but it is quite a different shell 
from Nikitin’s and from P. glabrescens : it is recticostate and has indica- 
tions of a highly developed suture-line. 

Genus, metacephalites nov. 

Genoholotype, Metacephalites metastatus nov. 

A Macrocephalitoid, distinct from Macrocephalites and from Para - 
cephalites by simple suture-line and by ribs curving forward on venter. 
The primary ribs are curved, small, approximate, mostly breaking into 
three secondaries, one of which, however, is obscurely joined or is inter- 
calate. Curvature of ribbing over rounded venter is slight and becomes 
less with growth. The ribs are raised but not laminate. The suture-line, 
obscurely shown, however, seems to be distinguished by its simple character 
and by a quite short, broad superior lateral lobe (Ll) (See Plate III, 
figure 1). 

Metacephalites metastatus nov. 

(Plate III, figures 1-4) 

Holotype No. 6098; loc. 6593, Grassy mountain 

Proportions, S. 30*5, — , 46 — ; 43*5, 48, 50, 18. Length of Ll at 
13 mm. c.40 per cent 

77865—3 
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A compressed sphaerocone of Macrocephalitoid aspect, with almost 
complete body-chamber not quite a whorl in length. Signs of gerontic 
inflation towards end of body-chamber, with versiradii passing straight 
over venter, having lost the ventral curvature of the early part of whorl. 
The subangustumbilicus is gradate, with walls falling about at right 
angles to the median line of the conch. Primary ribs about 26, short, 
slightly curved until near end of body-chamber, furcating about on L2. 

For some remarks on the significance of curved ventral ribs See later 
under Miccocephalites , page 14. 

To Macrocephalites aff. lamellosus Burckhardt (1, p, 31, PL III, figs. 
7, 8), from Lowest Callovian, Comisaria Lonquimay, Argentina, the 
Canadian species shows great resemblance. There is, however, a slight 
difference in the ribbing, principally that in the Canadian shell the ribs 
are shorter, stronger, and rather more curved. The proportions of Burck- 
hardt’s shell are given by him (p. 32) as T.41, 51, 56, 19, Ammonites 
lamellosus J. de C. Sowerby (Pl. XXIII, f. 8) is quite a different form, with 
which the Canadian shell could not be compared; but the likeness of the 
Canadian and Argentine shells is near enough to suggest synchronism of 
deposits. 

To Macrocephalites kitchini Uhlig (p. 271, PL LXXVII, 6), this species 
bears very considerable resemblance. The proportions of Uhlig’ s form 
are nearly the same, T.37-5, T.49 (F. 50), T.19, but there is much differ- 
ence in ribbing — particularly, in the Canadian shell, the primary ribs are 
stronger, shorter, and more curved. The secondaries also are stronger. 
An intricate suture-line is depicted by Uhlig: nothing so elaborate is to 
be found in the Canadian shell, even allowing for its indistinctness. Uhlig’s 
shell is from the Spiti Shales, Himalaya, and its horizon is given as “Oxford- 
ian?” 

Macrocephalites pila Bukowski (Pl. XXVI, fig. 17) is another form 
with which M. metastatus may be compared. The ribbing having in lateral 
and ventral flexure much likeness to that of the Canadian shell shows that 
it is not the Russian species of Nikitin and in proportions given by Bukow- 
ski F. 32, 40, 78, 18 (p. 127) 1 it differs altogether from the Canadian species. 
Bukowski’s form is from Poland, from “obere Abtheilung des Callovien.” 
According to the other species figured by him with this statement this 
covers many horizons, mainly about the date of English Oxford Clay. 
There is no fauna of the Kellaways Rock of southwest England figured by 
him, though constituents of such fauna occur elsewhere in eastern Europe: 
hence it is to be concluded that his Macrocephalite is not of that date. 
If contemporaneity with Kellaways Rock were claimed the local absence 
of the essential fauna would require much explanation. An earlier or 
later date for the Macrocephalite would not require this. Bukowski 
seems to suggest that it is later, but in Europe the bulk of Macrocepha- 
litidae are of much earlier date than Kellaways Rock, though there are 
traces of them in the rock (See later, page 17). Farther afield Macro- 
eephalitoidae occur later than the Kellaways Rock, but it has yet to be 
proved that they are Macrocephalitidae. Bukowski ’s Macrocephalite 
may be a fortuitous relic of a pre-Kellaways deposit: its association with 


1 The figure gives F. 32, 47 , 80, 16. 
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later Callovian species may be an accident of preservation and deposition. 
The stratum in which a fossil occurs is not always true evidence as to its 
date. 

Five micromorph specimens now remain. That they belong to the 
genera Paracephalites or Metacephalites cannot be accepted: they differ 
both in ornament and suture-line, though the details as to the suture-line 
are unsatisfactory, partly owing to condition of fossilization, partly owing 
to the fact that in several specimens the preserved part of the last whorl 
is body-chamber. 

The character of the ribbing is the reason for separating the micro- 
morphs from the other genera: the ribs are elevated and compressed, that 
is to say, that in cross-section they are lath-like or in the form of laminae, 
they pass over a venter of somewhat flattened convexity with what shows 
as a slight forward sweep, yet on the actual periphery itself the ribs are 
almost straight — the appearance of curvature is due to the slight forward 
bending of the ribs on the outer lateral area as they approach the venter. 
The ribs rise in sharp waves or transverse crests on the venter, like a series 
of slightly bent laths placed crosswise. 

These characters are not seen in the other genera and do not belong 
so far as is known to genuine Macrocephalites: but similar characters are 
depicted by Waagen in several Macrocephalitoids, for instance in his 
Stephanoceras subtrapezinum (PL XXXIII, f. 4) from the Golden Oolite, 
macrocephalus zone. 

On the evidence of certain Macrocephalitids from English rocks, 
which are before me, showing a passage from ribs straight across venter to 
ribs curving across venter as the shell grows older, it may be inferred that 
curved ventral ribs are not a primary but a secondary character in Macro- 
cephalitidae. 

In the Tulitidae curved ventral ribs are a primary character, already 
established in the cadicone state: in the Macrocephalitidae curved ventral 
ribs may not appear at all, but if they do it is not until long past the cadi- 
cone stage: they may appear when the contraction leading to platycone 
stage is beginning or may not appear until it is well advanced. This differ- 
ence in relative development of characters between Tulitidae and Macro- 
cephalitidae is important and if curved ventral ribs are a feature of fairly 
late development in Macrocephalitidae, are a secondary not a primary 
feature, it indicates that the forms that possess curved ribs when quite 
small may be regarded as biologically somewhat late Macrocephaltid 
developments. These small forms are not to be regarded as the young of 
larger examples, but are mieromorphs, possibly catamorphs of the Macro- 
cephalitidae. That they possess in most cases nearly complete body- 
chambers fits in here. 

As curved ventral ribs are a later development of straight cost®, so 
by the law of cyclical development — the tendency in old age to return to 
characters of youth — renewed development of straight ribs after curved 
may be expected. This is shown to a small extent in Metacephalites. 
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Genus, miccocephalites nov. 

Genotype, Miccocephalites miccus nov. 

Platycone [ex sphaeroeone] of Macrocephalitoid pattern, like dwarf 
“macrocephali curvicostati ” of Waagen. Cost® laminate, flexed, especi- 
ally primaries over umbilical edge, and secondaries towards edge of venter, 
carrying ribs over venter with a curve convex forwards: lamination of 
cost® well shown on a flatly arched venter. Suture-line obscurely shown, 
but it can be seen that it is simple with narrow lobes. 

Miccocephalites differs from Macrocephalites and Paracephalit.es in its 
style and curve of ribbing, which has been described above, and in its 
simpler suture-line. It differs from Metacephalites in the character of 
laminate ribbing and in suture-line. 

Distinction from Pseudocadoceras or like forms is to be found in the 
venter flatly arched instead of fastigate (angulate), in the characters of the 
ribbing, and in the decrease instead of increase of stoutness with growth. 

A species which seems comparable with these forms of Miccocephalites 
is Macrocephalites sp. Pompeckj (1, p. 73, PI. II, f, 11) from 1§ km. north- 
west of Elmwood, Franz Josef Land. In proportions it agrees nearest with 
Miccocephalites laminatus — the estimated proportions being F. 16, 41, 50, 
27 ± : it is, therefore, a thicker shell; but in ribbing it does not agree — the 
ribs are of the size of those of M. concinnus, but in direction the secondary 
ribs seem to run less forward. Pompeckj says of the ribs “across the 
outside they run straight or are almost imperceptibly bent forward.” 

Also comparable with Miccocephalites is what may be called the 
Cadoceras grewinghi series — certain species from Alaska named and figured 
by Pompeckj. These are considered later. See page 22. 


Miccocephalites laminatus nov. 

(Plate I, figures 4, 5) 

Holotype No. 8602; loc. 6593, Grassy mountain 

Proportions: S.15, —,45, — , 

S.20, 45, 42-5, 30 ± 

A somewhat serpentieonic form with rather wide umbilicus and coarse 
rather distant laminar ribs which rise strongly in transverse ridge-like 
form (transverse lamin®) over the subflattened venter. The primary ribs 
are curved: they bifurcate, but there are occasional intercalates. The 
secondary ribs are very feebly flexed. 

There is only one example and that is broken. It discloses an inner 
whorl of rather over 6 mm. diameter with distinct rounded ribs passing 
over a rounded venter with very feeble suggestions of forward arch. On 
this inner whorl may be detected suggestions of a suture-line rather 
elaborate for a young shell. 
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Miecocephalites miccus nov. 

(Plate I, figures 6, 7) 

Genotype and Holotype No. 8603; loc. 6591 
Proportions: S. 16, 44, 40, 20 ± 

Like M. laminatus, but the ribs are smaller and closer together, the 
umbilicus is smaller, and the thickness is less. 

This species has been chosen as the genotype because it gives indica- 
tions of suture-line: they are, however, not satisfactory. 


Miecocephalites concinnus nov. 

(Plate III, figures 5-11) 

Holotype No. 6099; loc. 6591 

Paratypes: No. 8604, loc. 6593; No. 8605, loc. 6593; all from Femie 
formation, Grassy mountain 

Proportions: Holotype, S.12, 43, 44, — ; 

19-5,46,40, 16-5 

Paratype, S. 16, 44, 40, 17, ± ; size of specimen, 

17 mm., max.c. 17 mm. 

Paratype, S.13, 46, 39, 17, ± 

A neat little species with closely approximate subcostse or costulse 
looking like a very dwarf edition of the genotype species of Macrocephalites, 
but distinguished by the ventral characters of ribbing which have been 
described above. There are in the holotype about 25 primary ribs which 
have a distinct curve over upper edge of inner margin. They bifurcate at 
about one-third from inner edge and there are intercalate ribs. These 
secondary ribs do not continue the line of curve of the primaries but fall 
back a little to curve forward later. The whole course of these sub- 
flexiradii is prosiradiate. The angustumbilicus is gradate, the wall which 
seems to carry ribs is about rectangular to the plane of the conch. 

Both the paratypes are broken. Plate III, figure 9, shows inner 
whorls (0*5 mm. diam.) of the Cymbites stage — with only very faint 
indications of ribs. 

This specie's is distinct from M. miccus by the fineness of the ornament. 

This species has a noticeable likeness to Stephanoceras subcompressum 
Waagen (PI. XXXIV, f. 4) macrocephalus zone. If that shell were reduced 
to about one-sixth of its size or this one were to be multiplied six times 
the resemblance would be certainly close, except that the larger shell would 
show too many ribs. But the proportions are quite similar; the ribbing 
has similar curvature and direction; there is, however, a difference — the 
Kutch shell has a tripartite arrangement of ribs — dichotomy of primary 
and later dichotomy of one secondary, almost a virgatome arrangement. 
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DESCRIPTIONS OF TWO COMPARABLE ENGLISH SPECIES 

A form comparable with Paracephalites jucundus occurs in the Kella- 
ways Rock of South Cave, South Yorkshire. It is at first sight so much 
alike that a short description of it with figures may be of interest. 


Genus, catacephautes S. Buckman 

1922. Catacephalites S. Buckman, Type Ammonites, IV, legend of Plate 
CCLXXXIIL 

Genotype, C. durus S. Buckman, holotype 

Sphaerocone of Macrocephalitoid aspect, also very like Otoites con- 
tractus J. de C. Sowerby (S. Buckman, PL CLVIII) except for a lack of 
tuberculation and difference of suture-line. Ribs flexicostate, passing 
straight over venter. Suture- line like that of Paracephalites but more 
simple. 

There is no external difference from Paracephalites and if it were not 
for the suture-line it could be placed in that genus. But the suture-line is 
different— EL lacks entirely the accessory branch passing into ES which is 
so well developed in Paracephalites . LI is simpler with very feeble develop- 
ment of the tridactyloid character, L2 is fairly long. 


Catacephalites durus S. Buckman 
(Plate III, figures 12, 13) 

1922. Catacephalites durus S. Buckman, Type Ammonites, IV, Pl. 
CCLXXXIIL 

Holotype from South Cave, South Yorkshire; Kellaways Rock; Mr. 

Frank Fetch, Coll. 

Proportions: S. 33, 45, 72, — 

S. 44, 45 • 5, 65, 22 

Size of specimen 51 mm., maximum size c. 55 mm. 

Owing to the condition of the specimen the proportions must be con- 
sidered approximate. 

Proportions of suture-line to whorl-breadth of 15 mm. 

EL 73, LI 63, L2 37 per cent 
Proportions of suture-line to whorl-curve of 27 mm. 

EL 41, LI 35, L2 20*5 per cent 

Sphaerocone, flexicostate. Primary ribs curve forward over umbilical 
wail and bifurcate beyond it into about radial secondaries, which pass 
straight over a well-rounded periphery. 

The likeness of Catacephalites durus to Paracephalites jucundus sug- 
gests that it is the European equivalent of the Canadian species. 

To Ammonites (Macrocephalites) ishmae var. arcticus Newton (PI. 
XL, fig. 1) C. durus has considerable likeness; but the primary ribs of the 
English fossil are stronger, with more curvature, the secondary ribs are 
rather more approximate on the venter, the thickness of the conch is 
greater, the umbilicus is larger. Proportions of Newton’s shell are F. 
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(40, 45, 60, — ,)?; F. 66, 45-5, 53, 13*5. Ribbing and umbilicus also 
separate the English shell from Ammonites (Macrocephalites) ishmae 
Newton (“inflated variety”)* The proportions of this are F. 34, 47, 70, — ; 
59, 49, 66, 13*5. 


A MACROCEPHALITE 

(Plate III, figure 14) 

When the writing of this paper was commenced nothing from English 
strata comparable with Miccocephalites was known to me. But lately 
Dr. Edgar Dacque of the Palaeontological Museum, Munich, has most 
kindly sent me for study several of Oppel's types and among them his type 
of Ammonites galilaei 1 . This specimen came from Chippenham, Wiltshire, 
England; its matrix is Kellaways Rock of a bluish colour; oysters and 
other lamellibranchs and small gasteropods are in it. There is also included 
a lump of light blue clay. The colour and condition of the matrix, as well 
as the included fauna, are different from the usual characters of Kellaways 
Rock specimens. The included clay strongly suggests that it comes from 
the basal part of the formation and there are many reasons for thinking 
that it may represent a deposit earlier in date than I have yet noted in my 
division of Kellaways Rock. 

In the body-chamber of Ammonites galilaei is a fragment of the body- 
chamber of a Macrocephalitid with ribs curving over the venter convexly 
forward. It agrees, therefore, in such character with the Macrocephali 
curvicostati of Waagen and with Miccocephalites ; but it differs from the 
latter by showing ribs which are not so curved on lateral area and not so 
distinctly laminate. 

This interesting find confirms the statements which have been made 
that “ Ammonites macrocephalus ” ranges from the Cornbrash to the Kella- 
ways Rock in England. The range to the Kellaways Rock had been 
regarded with some scepticism, even when the term Am. macrocephalus 
was translated into Macrocephalites : inexactitude in identification was 
suspected — it is only too well known in so many cases. 


1 Figured, Type Ammonites, IV, 1922, PI. CCXC. 
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GRAPHIC COMPARISON OF GENERA AND SPECIES 


Professor Swinnerton has recommended a more extensive and system- 
atic use of graphs in palseontology. For illustration of the difference in 
development in regard to thickness of Cadoceras and Paracephalites the 
graph method is excellent. It is extended for making comparisons in 
certain other cases, using the following data: 




Diameter 

Thickness, 
per cent 


A 

Paracephalites jucundus 

34*0 

65-0 



46-0 

65*0 

A* 

“Macrocephalites” pila Nikitin 

34*0 

77-0 


(PI. X, f. 45) 

60*0 

77*9 

B 

Paracephalites gktbreeceng , 

36*0 

47*5 



50-0 

50-0 



65*0 

55-0 



920 

50*0 



101*0 

47*0 

C 

Metacephalites metastatus . . . . . . 

30*5 

46-0 


(Body-chamber) 

43*5 

48*0 

D 

Miccocephalites laminatus 

15*0 

45*0 



20*0 

42-5 

E 

Miccocephalites concinnus 

12*0 

44*0 



19*5 

40-0 

F 

Catacephalites durm. 

33*0 

72*0 



44*0 

65*0 

G 

‘ ‘Am. ( Macrocephalites j’ * ishmae. .... 

20*5 

73-0 


Newton (PI. XL, f. 2) 

34*0 

70-0 



59*0 

66-0 

H 

“Am. (Macroc.)” ishMaev ar. arcticus 

38*5 

64*0 


Newton, PI. XL, f. 1 

66 0 

53-0 

I 

“Am. (Macroc.)” ishmae . .... ..... . ........... 

22*5 

52-0 


Newton, Pi. XL, f. 3 

43-0 

49*0 



67-0 

52*0 

J 

Cadoceras suhlaeve 

20*5 

52*0 


a topotype 

37*0 

59-0 



57*0 

77*0 

J a 

Do. another example 

47*0 

58*0 


a topotype (S. Buckman, 4), PI. CCLXXV 

65*0 

80*0 

Jb 

Cadoceras modiolare Nikitin. . .... ... ... 

29*5 

44*5 


Estimates from his drawing (Fig. 1, p. 53) and his text (p. 52} 

45*0 

62*0 


assuming his fig. is reduced X 0*76 

73-0 

82-0 



111*0 

90*0 



150-0 

97*0 

K 

Cadoceras wosnessenski 

27*0 

41*0 


Pompeckj (2, text p. 252) 

48-0 

56*0 

L 

“ Cadoceras ” grewingki 

8-0 

56*0 


Pompeckj, text and fig. 

12*0 

50*0 



17*5 

40*0 



32*0 

40-0 



37-0 

40*0 


Diameters of conch in mi/ ii metres 


19 



Figure 1 . Graphic illustration of proportions of Macrocephalitids and Cadocerates. 
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Some allowance must be made for state of preservation, some for the 
measurements being taken from figures, and some for the method used in 
estimating diameter when the whorl is concealed, as, for instance, at the 
beginning of the last whorl. Unless the specimen be broken or purposely 
cut through the middle this method of estimating has to be employed in 
order to ascertain the proportions at the beginning of the last whorl: it is, 
therefore, advisable to describe it. In a specimen when the rate of coil 
appears to be regular the major diameter, from centre to end of whorl, is 
ascertained. This gives the percentage of the major radius to the dia- 
meter: in a very large number of Ammonites this percentage is 57. The 
nearer the specimen is to a circle — that is, the slower the rate of volutional 
increase or the more polygyral the Ammonite — the nearer the major radius 
will approximate to 50; in oligogyral forms, with rapid volutional increase 
the major diameter may rise much beyond 57 per cent. But, the major 
radius of a specimen having been ascertained, the diameter of the shell at 
the commencement of the last whorl can be found by measuring from 
centre to circumference and, on a slide-rule, which is the most useful 
instrument for the work, setting, say, 57 opposite the measure of the 
major radius: the position of 100 will then give the diameter. 

When the major radius is 57 per cent, the minor radius is 43. Slide 43 
to the position occupied by 57 on the rule : the position of 100 now indicates 
the diameter of the shell half a whorl farther on, allowing for the ratio of 
coiling being constant. Repeating the process gives the diameter one 
whole whorl farther. Reversing the process from the starting point gives 
the diameters half and a whole whorl previously: and so on. 

By such processes as these, diameters of partly concealed whorls can 
be estimated: also the diameters of fragments of whorls: the process has 
been employed for the estimation of measurements in Newton’s Fig. 3 of 
Am. ( Macrocephalites ) ishmae. 

The table shows that nearly all the species supposed to belong to 
Macrocephalitidae, including the so-called Cadoceras grewingki, show 
thickness constant or declining. A small exception, M . metastatus, is due 
to the presence of body-chamber — an inflation of body-chamber in a 
normally thinning species is usual. The other exception is in the mid 
stages of P . glabrescens — early stages not seen: the thickening in this case 
may be due to faulty preservation. The slight drop in I, M. ishmae, may 
be due to the same cause. 

On the other hand the rapid increase in thickness of the specimens 
and species of Cadoceras stands out in marked contrast. This would, in 
the case of C. sublaeve, be continued much farther at about the same rate. 
Comparison may be made with the line given for Cadoceras modiolare 
Nikitin {See data given above). Nikitin gives some remarkable figures of 
Cadoceras and Cadoceratoids in section: they are marred, however, for the 
graphic purpose by the fact that the amount of reduction of the figures is 
not given: if details be taken from a reduced figure as if it were natural 
size, because of lack of warning, it makes increase or decrease begin too 
early: this may be the difference between species and is misleading. 
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PALAEONTOLOGICAL SYNOPSIS 

Genera: 

Macrocephaliies : laterally fiexiradiate, ventrally rectiradiate; suture-line highly ornate. 

Paracephaliles: laterally fiexiradiate, ventrally rectiradiate; suture-line somewhat 
ornate. 

Metacephalites: laterally fiexiradiate, ventrally feebly fiexiradiate; ribs distinct; not 
laminate; suture-line simple, LI broad and short. 

Miccocephalites: laterally and ventrally fiexiradiate; ribs strong, laminate; suture-line 
simple, LI narrow. 

CatacephaMtes: laterally fiexiradiate, ventrally rectiradiate; suture-line somewhat 
simple. 

Species: 

Paracephalites jucundm: perplaty-, subextremipachy-gyral, subangustumbilicate; 
venter 1 ; ornament, 4 c. 

P. glabrescens: perplaty-perpachy-gyral, subangustumbilicate; venter, 1, ornament, 
4 c to 1. 

Metacephalites metastaius: perplaty-perpachy-gyral, subangustumbilicate; venter, 1; 
ornament, 4 c. 

Miccocephalites laminatus: perplaty-, perpaehy-gyral; sublatumbilieate; venter, 1; 
ornament, 4 c, laminate. 

M. miccus: perplaty-, pachy-gyral; subangustumbilicate; venter, X; ornament, 4 c, 
laminate. 

M. concinnus: perplaty-, pachy-gyral; angustumbilicate; venter, 1; ornament, 3 c, 
sublaminate. 

CatacephaMtes durus: perplaty-subextremipaehy-gyral; subangustumbilicate; venter, 
1, ornament, 4 c. 

GEOGRAPHICAL DISTRIBUTION 

The following table shows the geographical distribution of Macro- 
cephalitids which have a fairly close resemblance to the Canadian shells. 
The main bulk of Maerocephalitoid forms are excluded as their resemb- 
lance is insufficient. Possibly some further species should be included, 
but it has not been possible to obtain all the literature on the subject. 

What the table shows is that strata which may possibly be synchronous 
with the date of the Fernie formation — using the word synchronous in the 
limited sense which modern palaeontological work requires — have been 
preserved over a considerable area of the globe. It may be taken as 
axiomatic that the area of original deposition was far larger than that of 
preservation. 


Distribution of Forms Comparable 


Canada 

Arctic 

N. America 

S. America 

Europe 

Asia 

Paracephalites jucundus 



X 

x 

X 

P. glabrescens. ... 

X 



X 


Metacephalites metastatus 



X 

X 


Miccocephalites laminatus 


x 




M. miccus 


X 


X 


M. concinnus 


X 
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CHRONOLOGY 

The English Macrocephalitid forms which have the most resemblance 
to those from the Feraie formation of Alberta are Catacepkalites from the 
Kellaways Rock of Yorkshire — comparable with Paracepkalites — and the 
unnamed fragment from the Kellaways Rock of southwest England — 
comparable with Miccocephalites. On such comparison the date of the 
Fernie formation is later than the Combrash of England by some three 
or four hemerse — or even more. At any rate it comes into line 
with the Kellaways Rock, but possibly only with the earliest part 
of it. 

Miccocephalites , however, would appear to be a new addition to 
Macrocephalitid fauna. The small size of the examples suggests that they 
are catamorphs of the family and, therefore, that they may be expected 
late in the Macrocephalitid history. They may even indicate a time- 
episode which is new for the chronology of the Jurassic strata. 

The likeness of Miccocephalites to a series of species figured by Pom- 
peckj from Alaska (2), attributed to the genus Cadoceras , must not be 
overlooked. It may strengthen the chronological suggestion just made; 
but, as a preliminary, some consideration must be given to the affinities of 
Pompeckj’s forms. 

One species, Ammonites wosnessenskii, Grewingk (PI. IY. f. 1) Cado- 
ceras wosnessenski; Pompeckj (2, Pl. Y, f. 5), is a Cadoceratid, near to 
Cadoceras s. str. in suture-line and in mode of growth — increase of thick- 
ness being from 41 per cent at 27 mm. diameter to 56 per cent at 48 mm. 
(Pompeckj, p. 252). Another species, C . stenoloboide (Pl. VII, f. 2) is not 
Cadoceratid in suture-line, but, according to the figure, there is Cadoeera- 
tid increase of thickness: Pompeckj ’s text (p. 255), however, does not 
bear this out — be gives thickness as 36 per cent at 24*5 mm. diameter 
and as 37 per cent at 41 mm. However, it is not to these forms that the 
species of Miccocephalites bear resemblance—it is to the forms called 
Cadoceras catostoma (Pl. Y, f. 1), C. schmidti (Pl. Y, f. 2), C . grewingki 
(Pl. VI, f. 1), C. petelini (Pl. VI,' f. 4-6). 

There is special likeness of Miccocephalites laminatus to Cadoceras 
grewingki and as this is the closest resemblance a statement of difference 
will serve for all. In M. laminatus primary ribs are stronger and are 
more curved over the inner-marginal edge, the ribs are more decidedly 
laminate throughout, and the passage over venter is not so distinctly 
arcuate. 

The interest, however, is to determine the affinity of Pompeckj’s 
species; for, if they are closely allied, a similar date for the Alaskan and 
Canadian shells may, not unreasonably, be postulated, whereas if the 
likeness is merely deceptive no argument is to be founded upon it. 
Pompeckj ’s species, C. grewingki , etc., are not Cadoceras in a strict sense; 
they have more likeness to Pseudocadoceras and that is where comparison 
must be made; but they show no sign of the sharpened (fastigate) venter 
with arrow-like costae preceding their rounded stage: according to Pom- 
peckj ’s illustration (2, PL VI, f. Id) there is a continuous stage of rounded 
venter, whereas the thickness of whorl remains constant — ID per cent at 
32-3 mm. and at 37 mm. diameter for Cadoceras grewingki (Pompeckj, 
p. 259). These facts suggest that they are not Cadoceratids but are 
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related to the Canadian forms and may be reckoned as Macrocephalitids. 
However, before such a point could be decided much more information 
than has yet been published would have to be obtained — information 
about Pseudocadoceras and the inner whorls of Cadoceras and Macrocepha- 
litids. This cannot be attempted now — to collect it would extend this 
inquiry unduly. 

This indicates, however, the direction which research connected with 
the Canadian forms should take. If the Alaskan forms of the C, grewingki 
series are Macrocephalitids they would form a genus biologically akin to 
Miccocephalites and chronologically they would be expected to be close: 
that is, the Alaskan deposit, or some part of it, might be nearly synchronous 
with the Canadian Fernie formation. As the Alaskan deposit yields a 
Cadoceras ( C . wosnessenski) it should be about the date of the English 
Kellaways Rock. 

It is for the Canadian geologists to see if their Macrocephalitids actually 
occur together — not merely in the same formation but in the same block 
of that formation — or if they occupy two or more different levels, or if the 
less developed forms — say like Paracephalites jucundus and Miccocepha- 
Utes laminatus occur at a lower level than the more developed P. glabres - 
cens, M. miccus, M. concinnus. Rut, even if they do occur in the same 
block, this is not actually a proof that they were synchronous during life. 
It is not at all unusual for species to occur together in an attenuated deposit, 
yet, where the strata are of good thickness, they are quite widely separated 
by deposits. Further discoveries of the species in other localities will be 
the test in this case: then faunal analysis will come in. At present the 
number of specimens and of localities is far too few for any effective faunal 
analysis, yet it may be interesting to give it. 


— 

P . jucundus 

Meta- 

cephalites 

metastatus 

Mic. 

laminatus 

M . con- 
cinnus 

Af. 

miccus 

p. 

glabres- 

cens 

Loc. 6591 




X 

X 

X 

lion. 6593 

X 

X 

X 

X 











It is now possible to make a few further remarks concerning the date 
of the Canadian Macrocephalitids of the Fernie formation. 

In Europe generally Macrocephalites and its allies, which make up the 
family Macrocephalitidae, occupy a horizon of supposed limited vertical 
range at the beginning of the Callovian or, as some prefer to call it, at the 
end of the Bathian. In Asia, however, Maerocephalitoid forms range, 
according to Waagen who has figured them under the name Stephanoceras, 
from the Putchum Group to the Kuntkote Sandstone inclusive, that is 
from the Bathian to the Argovian (Corallian). And it may be noted that 
forms with ribs curved over the venter have this same range. In South 
America Burckhardt claims an even later date for a “Macrocephalites’ ’ 
(2, PL III, f. 6-11), but it is reasonably certain that this form does not 
belong to the family Macrocephalitidae and that the same result will 
probably be the outcome of strict investigation of Waagen ? s species. 
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The most satisfactory standards of comparison, therefore, are Euro- 
pean strata, and, as has been remarked above, it is among English fossils 
that the most likeness to the Canadian shells has been obtained. Now 
the English deposits which have yielded such like forms give the following 
sequences. 


S.-W. 

Kellaways Rock: 

Kosmoceratids and a 

Macrocephalitid fragment (pr e-opimus 

hemera? 2 
Kellaways Clay: 

Proplanulites and 

Gowericeras (Koenigi, etc., hemerse) 2 
Radiopole Clay with Macrocephalitids (basal 
Kellaways Clay?) 

Combrash Limestone with Macrocephalitids 
in upper part 


N. Yorkshire 1 


Kellaways Rock (lower part) 
Kosmoceratids 
and Proplanulites 8 


Clays of the Combrash 
“Am. macrocephalus ,t 
Combrash Limestone 
“Am. macrocephalus” 


As Macrocephalitids are found occurring in Yorkshire in three and in 
southwest England in four sequential deposits, which differ from each 
other in lithic characters quite materially, the supposition that strata with 
Callovian Macrocephalitoids, which spread over a wide geographical area 
of the globe, represent a deposit of one date, laid down during a great 
submergence, is obviously untenable. And it may be still more untenable 
than it looks from the table of strata given above, for there is reason to 
suppose that these deposits were not only laid down during four hemerse 
but actually occupied several more — perhaps as many as eight — in their 
accumulation. For I have lately suggested that in southwest England 
the Kellaways Clay and the Kellaways Rock represent not merely two 
hemerse but six (1921, p. 40): now evidence seems to indicate that as an 
under-estimate. 

It may be said that at present this is very largely supposition, lacking 
good evidence. This is granted, but there are the following facts in its 
favour: 

(1) The Kellaways Rock of north Yorkshire, though fairly uniform in 
lithic character, was laid down not during one but during many sequent 
hemerse as -its fossil contents show; for much of its fauna is found not in 
Kellaways Rock of southwest England but in several sequent beds of the 
superjacent Oxford clay (1, p. 160): therefore, the Kellaways Rock of the 
southwest need not, because it is fairly homogeneous, represent the deposit 
of only one hemera. 

(2) In Sutherland, Scotland, the Roof Red over the coal is of the date 
of the Kellaways Clay, but, so far as is known at present, it contains some 
of the species of the earliest layer only; this seems to show that what I 
have separated as the two later layers of Kellaways Clay are of later date 
than the Roof Bed. So there is quite a possibility that Macrocephalitids, 
or what would hitherto have been called Macrocephalites, lived during six 
hemerse, if they go no higher than the earliest layer of Kellaways Rock of 
southwest England, or during 7 or 8 if they do go higher. Therefore, 


1 Partly from examination of specimens, partly from information given by Fox-Strangways (VI). 

* Sea S. Buckman, 3, p. 40. 

* The Kellaways Rock of Sooth Cave, Yorkshire, with Kosmoceratids. Catiscephalites, and a form like, but 
not, Proplanulites may be earlier in date. Its fauna differs in detail from the Kellaways Rock of north Yorkshire. 
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deposits containing Macrocephalitids ( Macrocephalites ) though they have 
world-wide distribution are not truly synchronous and cannot be cited as 
evidence for wide dispersal of a particular fauna at a given date. How 
many hemerse may be represented by all the deposits preserved at certain 
places, how wide was the distribution of any one constituent of Maero- 
cephalitidae, are all subjects for future investigation when the members 
of the family and their deposits have been properly analysed. 

But though the idea that the deposits found in nearly all parts of the 
globe containing Callovian “ Macrocephalites ” are strictly synchronous 
must be abandoned, so far as the synchronization is concerned, yet it 
remains true in regard to the wide geographical occurrence — only this 
wide occurrence is due not to a great synchronous submergence but to the 
fact that “ Macrocephalites” lived during a time of far greater extent than 
had been allowed for. During such time many physical changes could 
occur, new areas could be opened up, while partial or complete destruction 
of Macrocephalites deposits could take place in other areas. The longer 
the time for making the record, the greater the possibility that it is frag- 
mentary — it would have greater chance to suffer from penecontemporan- 
eous erosions. 

That the idea of synchronization of Callovian “ Macrocephalites ’’ 
deposits has to yield to that of sequence opens up an interesting specula- 
tion — that the history of the earth, as told in its deposits, has occupied a 
far longer time than was formerly supposed. All recent work on Jurassic 
rocks leads to this result — that the postulate as to time required must 
certainly be multiplied by ten. The deposits and fauna of any one area 
during any specified period of time cannot be regarded as full evidence for 
the length of time required: this is only to be obtained by putting together 
and comparing results from all known areas. Even then there must 
remain many unknown areas to add their quota. When these have been 
fully explored it is not certain that the full tale of past events has been 
discovered— much may have been utterly destroyed beyond the possibility 
of recall. Thus is reached a conclusion that these palaeontological studies 
give evidence for greatly increasing the time-estimate for the earth's 
history and yet that such increase based only on present knowledge may be 
greatly understated. 
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POSTSCRIPT 

The foregoing paper was written and left my hands in March, 1922. 
Since then much work has been done in the determination and chronology 
of the Macrocephalitidae, so that some of the information can be revised 
and stated with greater certainty. A postscript seems the most desirable 
method of bringing the information up to the present time, November, 
1924, 

Species of Macrocephalitidae belong to several dates, being found in 
the following rocks in descending order. 

(6) Kellaways Rock, Wiltshire, Gasteropod bed — near base of the rock — 
a Macrocephalitid fragment. See Type Ammonites, PI. ccxc. 

(5) Kellaways Sand, South Cave, Yorkshire, possibly equivalent in date 
to the basal Kellaways Rock of Wiltshire — possibly earlier than 
deposit No. 6. Catacephalites durus, Type Ammonites, PL cclxxxiii. 

(4a) Kellaways Clay, Wiltshire — presumably a very early phase of this 
deposit. Pleurocephaliles, Type Amm., cclxxxiv, cccxlviii ; Tmeto- 
kephalites, Type Amm., cdxxxiii. This is probably the horizon of 
Tmetokephalites of the Continental Callovian and also of Macrocepha - 
lites from there. 

(4) Clay above Combrash, Dorset, possibly synchronous with the Kella- 
ways Clay No. 4a, but also poss bly earlier. Macrocephaiiceras, Type 
Amm., cccxiii. 
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(3) Cornbrash, Yorkshire; “ Macrocephalites ” typicus Blake, and other 
Macrocephalitid species. 

(2) Upper Cornbrash, Peterborough, a dark matrix as if in contact with 
an overlying clay deposit Dolikephalites dolius, Type Amm., ccclxxii. 

(1) Upper Cornbrash, Peterborough, a yellowish marly matrix, not in 
contact with an overlying clay and, therefore, presumably older than 
No. 2, Kamptokephalites Jcamptus , Type Amm., cecxnvu. A species 
of the same genus with a similar matrix among a series of Cornbrash 
fossils from near Cirencester, Gloucestershire. 

Species of Macrocephalitidae, therefore, according to these 
researches, which are by no means complete, extend into three forma- 
tions — from Upper Cornbrash, through Kellaways Clay into Kella- 
ways Rock. They mark some six different hemerse, possibly more; 
for there is reason to suppose that the rocks in which they are found 
are deposits of some nine or ten hemerse — nine or ten chronological 
units. In time it will be recognized that the Maerocephalitid-bearing 
strata of the world do not mark one synchronous date and, as the 
species become better known, it should be possible to separate them 
into the distinct dates for which the English species give evidence. 
Such dates may be tabulated as under: 


DATES OF MACROCEPHALITID-BEARING ROCKS 


Age 

(6) Proplarmlitan , . 
(5) 

(4a) Macroeephalitan. 
(4) 

(3) 

( 2 ) 

d) 


Hemera 
Galilaeiceras 
Catacephalites 
PI eurocephalites 
Macrocephaliceras 
typicus 
dolius 
kamptus 


Between (6) and (5) another hemera may have to be named and 
between (5) and (4a) three more hemerse have been named after species of 
Proplanulites (Type Amm., in, 1921, p. 40). 


77865 — 3 
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INTRODUCTION 

The present study is based upon materials collected by Mr. F. H. 
McLearn in the course of geological work in the Crowsnest Pass region of 
Alberta, and the writer wishes to record his obligation to Mr. McLearn for 
information on several points in connexion with the study of the collections. 
All of the material comes from two formations, the Kootenay and the 
Blairmore, and it represents three palseobotanical horizons, namely that of 
the true Kootenay, that of the Lower Blairmore, and that of the Upper 
Blairmore. The first two are so similar in composition and the last is so 
different that for purposes of presentation the writer has considered the 
Kootenay and Lower Blairmore floras together in the present contribution, 
and has made the Upper Blairmore the subject of an independent paper 
which follows the present one. 


THE KOOTENAY FLORA 

The Kootenay was first recognized by the late George M. Dawson in 
1884 in the Rocky Mountain region of Alberta, and the plants collected 
were described by the late Sir William Dawson in 1885. The region of 
Kootenay pass may be considered as the type locality, but early collections 
were also made from the Crowsnest Pass region. Subsequent contribu- 
tions to our knowledge of the Kootenay flora were made by Dawson, 
Newberry, Fontaine, and Knowlton, the three last on material of this age 
from Montana. Ward 1 gave an elaborate account of the history of the 
study of the Kootenay in 1895, and this was accompanied by a very much 
undigested list of the known plants, which at that time numbered 77 species. 
The present writer discussed this flora in 1911 and gave a list of 92 species, 
which, although a number of doubtful forms had been reduced to synonymy, 
still contained many redundancies. 


i Wnrd, L. F.r U.S. Geol. Surv., Mon. 48, pp. 277-284 (1905). 


29 


Both Fontaine and Dawson were prone to found new species upon 
very insufficient material, and the large fern fronds that make up such a 
considerable element oh the Kootenay flora are not only variable, but 
fragments from different parts of such fronds are notably different, and as 
much of the collected material is itself very fragmentary, single fronds 
in this condition have frequently been the basis for several species. My 
list 1 of 1911 comprised 1 lycopod, 2 equisetums, 34 ferns, 19 cycadophytes, 
25 coniferophytes, and 1 supposed monocotyledon, a Cyperites which 
really represents a parallel veined gymnosperm — either Czekanowskia or 
Podozamites. 

The present collections from the Crowsnest Pass region do not add 
materially to our knowledge of the Kootenay flora. The rocks of this 
region, particularly the carbonaceous shales, are much deformed, and the 
specimens are, consequently, very fragmentary and small, and it is often 
almost impossible to decide on the relationship of some of the fragments 
of fern fronds. 

The total number of species identified in the collections studied is 
only 18, and these represent 7 ferns, 4 cycadophytes, and 7 coniferophytes. 
All except a cycadophyte scale (Cycadolepis) are previously described 
forms. 

It is not especially profitable to attempt an analysis of the botanical 
character of the Kootenay flora at this time. The future undoubtedly 
holds much additional information regarding it, and until what is already 
known is revised in a monographic way, much uncertainty attaches to 
many of its components. This flora, as at present known, contains no 
representatives of the flowering plants (Angiospermophyta), but it would 
not be at all surprising if some traces of them would eventually be dis- 
covered, since general conditions point to their existence at this time in 
drier, perhaps upland environments, the Kootenay environment being 
moist, lowland, and largely palustrine. 

As regards the collections studied in the preparation of the present 
report, they comprise seven different widespread ferns, four representa- 
tives of the cycadophyte phylum, and seven representatives of the eoni- 
ferophyte phylum. The most characteristic and abundant species are 
Onychiopsis psilotoides , Oleandra graminaefolia, Cladophlebis montanensis , 
Cladophlebis heterophylla, Pterophyllum acutipennis, Podozamites lanceo - 
latus, and Ginkgo arctica. The Podozamites is not of especially good 
botanical standing and of the others all but the Oleandra and Cladophlebis 
heterophylla occur also in the Lower Blairmore. Fortunately both of 
these are characteristic, and for the present these two and the absence of 
dicotyledonous leaves are the best field guides for recognizing the Koot- 
enay. 

Other less common forms which differentiate the Kootenay from the 
Lower Blairmore are Cladophlebis virginiensis, a large pinnuled and fairly 
distinct species; A crostichopteris fimbriata, no member of the genus Acrosti- 
chopteris being known from the Blairmore, although it continues to the 
close of the Lower Cretaceous in Wyoming and the east; Cycadolepis sp.; 
Nilsonia schaumburgensis; Czekanowskia sp.; Baiera sp.; Nageiopsis zami- 
oides; and Nageiopsis (?) montanensis. It appears to me that the Kootenay 

1 Berry, E. W.: Lower Cretaceous, Md. Geol. Surv., pp. 118-121 (1911). 
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flora denotes a more humid environment than does the flora of the Lower 
Blairmore. 

It is curious that no traces of the dinosaur remains so characteristic 
of the Morrison and Arundel formations have been found in the Kootenay, 
since in the Arundel particularly they are associated with a flora very 
similar to that of the Kootenay. No one, it seems to me, can seriously 
question the Lower Cretaceous age of this, or any other known flora of the 
Kootenay. Lower Cretaceous floras in general contain many surviving 
Jurassic types, and the change from a Jurassic to a Cretaceous facies is 
gradual and does not become marked until the closing stage (Albian) of 
the Lower Cretaceous, by which time many of the older Mesozoic types 
have become extinct and considerable numbers of angiosperms have made 
their appearance. 

The Kootenay flora lacks the following genera that are found in the 
Patuxent formation of Maryland and Virginia, which formation I have 
correlated with the Neocomian stage of Europe; using the Neocomian in 
the restricted sense as comprising the two sub-stages Valanginian and 
Hauterivian, and not as coterminous with the sub-cretaceous of Gumbel 
(1881), the Eocretaceous of DeLapparent (1906), the Palseocretaceous of 
Kilian (1907), or the Eocretaceous or Neocomian of Haug (1908): Schi- 
zaeopsis, Ruffordia, Dryopterites, Aspleniopteris, Taeniopteris, Thinn- 
feldia, Cycadeoidea, Ctenopteris, Ctenopsis, Zamiopsis, Laricopsis, Sequoia, 
and Cedrus. It lacks representatives of the following genera that occur 
in the European Wealden: Androstrobus, Anomozamites, Recklesia, Cyca- 
deoidea, Matonidium, Mierodictyon, Otozamites, Pagiophyllum, Ruffordia, 
Taeniopteris, Weichselia, Cedrus, Laccopteris, Hausmannia, Lomatop- 
teris, and Lonchopteris. 

The accompanying table of distribution of the forms identified in the 
present study shows that eleven of them are common to the Kootenay of 
other areas and six occur in the Bull Head Mountain sandstone; six in the 
Lower Blairmore; eight in the Knoxville of the Pacific Coast region; five, 
more or less doubtfully, in the Lakota; and three in the Fuson formation 
of eastern Wyoming; five in the Patuxent and Arundel, and four in the 
Patapsco formation of the Potomac group of the Atlantic Coastal Plain. 
Five are probably present in the Kome beds of western Greenland; and 
four in the Lower Cretaceous of Europe. The only species common to 
the Jurassic or Upper Cretaceous is the composite species, Podozamites 
lanceolaius, which lacks both botanical and chronological significance. 

Although it is not to be expected that its limits are exactly the same, 
I regard the Kootenay as in the main synchronous with the Barremian 
stage of the European time scale; that is as representing approximately 
the same time as the Wernsdorf beds of Austria, the Urgonian plant beds 
of Portugal; the Klin sandstone of Russia; and the Kome beds of western 
Greenland. The lower limit of the Kootenay appears to be slightly older 
than the base of the Lakota formation of the Black Hills in eastern Wyo- 
ming, although the two are partly equivalent. No part of the Kootenay 
appears to be as young as the Fuson formation of the Black Hills; and the 
Kome beds of Greenland, which may be in part as old as the Kootenay, 
are in part younger, and their flora is more nearly comparable with that 
found in the Lower Blairmore. 
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THE LOWER BLAIRMORE FLORA 

As stated in a preceding paragraph, the Blairmore floras are of very 
great interest, for without any apparent physical break this thick series of 
prevailingly coarse continental deposits contains two distinct floras — that 
of the Lower Blairmore being overwhelmingly of Lower Cretaceous affini- 
ties, and that of the Upper Blairmore, which is discussed in a succeeding 
chapter, being as distinctly Upper Cretaceous in age. Hence in the 
Crowsnest Pass region of Alberta there is a continuous sedimentary record 
from Lower to Upper Cretaceous, and it is much to be hoped that more 
extensive collections and better preserved material may subsequently 
throw additional light on this important stage of palseobotanical history. 

The present collections from the Lower Blairmore have yielded twenty- 
eight different species. These include an interesting representative of the 
liverworts (Marchantites), four so-called species of the genus Sagenopteris, 
believed to represent an extinct genus and order of the Hydropterideae; 
eight additional members of the fern phylum; four cyeadophytes; eleven 
coniferophytes; and one dicotyledon. This flora is especially character- 
ized by the Marchantites, Sagenopteris, species of Cladophlebis, Dioonites 
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buchianus abietinus, the abundance of coniferophytes, and the presence of 
dicotyledons. The last are sparingly represented, however, by a single 
species, which significantly represents one of the more specialized orders — 
the Sapindales. It may be concluded, therefore, that the less specialized 
orders were already in existence somewhere, if not in this region, during 
Lower Blairmore time. 

As befits its chronologic position the Lower Blairmore flora is what 
might be termed “mixed.” At least it suggests such a statement which 
may, of course, be due to the imperfection of the record or the lack of 
exhaustive exploration. Thus of the plants found in the Kootenay of 
the Crowsnest Pass region ten are not found in the Lower Blairmore, and 
of those found at the latter horizon fifteen are not found in the Kootenay 
of this region, although only ten are unknown from the complete Kootenay 
flora, and one of these ten occurs in the Bull Head Mountain sandstone 
which may be of Kootenay age. Although the Lower Blairmore flora is 
more nearly of the same age as the Patapsco flora of the Atlantic Coastal 
Plain than of those of the older formations of the Potomac Group it con- 
tains three more species common to the much older Patuxent flora than it 
does species common to the Patapsco. 

The most obvious distinction between the Kootenay and the Lower 
Blairmore floras is the sparing representation of dicotyledons in the latter 
and their absence in the former, the particular species, Sapindopsis hrevi - 
folia , being common to the late Lower and the earliest Upper Cretaceous. 
Dicotyledons in any abundance are usually considered to indicate an 
Albian or later age, although these types are present in considerable speciali- 
zation in the preceding Aptian stage. 

Of the Lower Blairmore plants unknown in the Kootenay seven are 
new species or are not specifically determined, leaving only four species, 
namely, Sagenopteris mantelli, Nilsonia densinerve, Torreya dicksoniana , 
and Sapindopsis brevifolia with an outside distribution and not known from 
the Kootenay. Of these the first occurs in the Knoxville of the Pacific 
Coast region and the European Lower Cretaceous; the second occurs in 
the Patuxent and Arundel formations of the Atlantic Coastal Plain; the 
third occurs in the Bull Head Mountain sandstone (of Kootenay age?) and 
in the Kome beds of western Greenland ; and the fourth occurs in the Patapsco 
formation (Albian) and in the Cheyenne sandstone (Cenomanian) of 
southern Kansas. 

Considering the Lower Blairmore flora as a whole it contains seventeen 
known Kootenay species, all of which are distinctly old types; five species 
common to the Bull Head Mountain sandstone; twelve common to the 
Knoxville of the Pacific Coast region; five common to the Lakota, and 
four common to the Fuson formation of the Black Hills of eastern Wyoming; 
twelve common to the Patuxent, eight common to the Arundel, and nine 
common to the Patapsco formation of the Atlantic Coastal Plain ; thirteen 
probably common to the Kome beds of western Greenland; and nine 
probably common to the Lower Cretaceous of Europe. 

The Lower Blairmore flora does not contain a single Upper Cretaceous 
type, and only one of its members, namely, Sapindopsis brevifolia , has ever 
been recorded from the Upper Cretaceous, and this species originated in 
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beds of Albian age and is a survivor into the Cenomanian Cheyenne sand- 
stone of Kansas, at both horizons being associated with Sapindopsis 
magnifolia which occurs in the Upper Blairmore flora. 

The floral evidence is, therefore, conclusive in proving the Lower 
Blairmore flora to be Lower Cretaceous in age. Its exact correlation is 
limited below by the supposed Barremian age of the Kootenay as set forth 
in the previous section of this report, and above by the Cenomanian age of 
the Upper Blairmore flora which succeeds it. The only alternatives possible 
in the light of these correlations are that the Lower Blairmore flora repre- 
sents Aptian or Albian time or more or less of both. The presence of 
Sapindopsis strongly suggests an Albian age, but offsetting this to some 
extent is the fact that, as far as it is known the Lower Blairmore flora 
shows a greater resemblance to other floras classed asNeocomian-Barremian 
than do either the flora of the Patapsco or that of the Fuson formation, 
both Albian in age. On the other hand, the Lower Blairmore shows the 
same relative increase in coniferophytes as characterizes the Patapsco 
when the latter is compared with the older formations of the Potomac 
Group, and several of these, like Geinitzia, Torreya dicksoniana, and 
Sequoia smittiana are prenuncial of Upper Cretaceous — the first being 
distinctly an Upper Cretaceous type. 

I would be inclined to consider the Lower Blairmore as representing 
the later part of Aptian time and all of Albian time. I do not know how 
far above the base of the Blairmore formation these plants occur and 
possibly unfossiliferous sediments in the lower part of the formation and 
the unconformity at its base represent Aptian time and the flora is wholly 
Albian, although as I pointed out in the preceding paragraph it has in part 
a pre Patapsco suggestion. The latter, of course, may represent merely 
the latter part of the Albian. We are not in a position at the present time 
to be especially precise on such finer points of correlation. Certainly the 
degree of resemblance between the Kootenay and the Lower Blairmore 
floras would suggest that no very extended time interval is represented by 
the unconformity or the deposits between the floral horizons of the two 
formations. 

The detailed distribution of the Lower Blairmore flora, both within 
and outside the area under consideration is shown in the accompanying 
table of distribution. The correlation of the Cretaceous of this part of 
Alberta is shown in the accompanying chart. My conclusion regarding 
the age of the Lower Blairmore, with due reservation because of the limited 
floras with which I have had to deal, is that it is more or less synchronous 
with the Patapsco formation of Maryland and Virginia, possibly reaching 
to a somewhat earlier horizon in its lower limits; that it represents a part 
of the Lakota and all of the Fuson formation of the Black Hills in eastern 
Wyoming; and a large part of the Kome beds of western Greenland. 
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SYSTEMATIC DESCRIPTION OF THE FLORAS 

Bryophyta 

Genus, marchantites Brongniart 
Marchantites blairmorensis Berry n. sp. 

Plate IV, figures 1, 2 

Several specimens from locality CH7 in the Lower Blairmore clearly 
represent the vegetative body of a thalloid liverwort (Marchantiales) 
which resembles the modem genus Marchantia in a general way, and which 
is referable to the convenient form-genus Marchantites proposed by 
Brongniart in 1849. They may be incompletely characterized as follows: 
vegetative body thalloid, laminar, of relative large size, prostrate, dicho- 
tomously branched, thickened median ly into a semblance of a midrib, of 
a thin consistency, and showing in places numerous thin oblique rhizoids. 

The largest fragment recovered shows part of a body 11 cms. in length 
and with three dichotomies in this distance. The thallus ranges from 6 to 
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10 mms. in width and has irregularly undulate margins. There are no 
traces of fructifications. Remains of this general type, all smaller than 
the present form, are found in the Jurassic of England, France, and Oregon; 
in the Wealden of England 1 ; and in the Patapsco 2 , the upper formation of 
the Potomac Group in Maryland. 

Genus, sagenopteris Presl 
Sagenopteris elliptica Fontaine 
Plate IV, figures 4, 5 

Sagenopteris elliptica Fontaine, U.S. Geol. Surv., Mon. 15, p. 149, PI. 28, 
figs. 9, 11-16 (1890); in Ward, Idem., Mon. 48, p. 236, PI. 65, 
figs. 39, 40 (1906). 

Berry, Lower Cretaceous, p. 287, tf. 4 (1911). 

Cheiropteris spatulata Newberry, Am. Jour. Sci. vol. 41, p. 199, PI. 14, figs. 
1, 2 (1891). 

Stipe, stout, apparently crowned with five lanceolate to ovate or 
obovate leaflets, very variable in size, 3*5 to 10 cms. in length by 0*7 to 
3*5 cms. in maximum width, the uppermost pinnule being the largest. 
Midrib broad proximad, disappearing by branching distad. Lateral veins 
diverging at acute angles, varying greatly in the size of the sub-rhombic 
areolation formed by their anastomoses. 

In the east this species is commonest in the older Potomac. It is 
known from the Knoxville and Kootenay formations and has been reported 
from the Lower Cretaceous of Queen Charlotte islands 3 . It has not been 
discovered in the Kootenay of the Crowsnest Pass region, where the genus 
is unrepresented, but is rather common in the Lower Blairmore, being 
especially abundant and large in size at locality CH4. 

Occurrence. Localities CH4, CH7, and DB1. 

Sagenopteris canadensis Berry 

Sagenopteris canadensis Berry, Bot. Gaz., vol. 74, pp. 329-331, fig. 1 (1922). 

Sporocarp hard and resistant; stalked; bean shaped; gibbous; 
slightly flattened at the sides; more recurved and slightly more narrowly 
rounded at one end; about 5 mms. in length, and about 3 mms. in height; 
with 15 or 16 transverse encircling veins, which are impressed, and appear 
as sulcae in the material, retaining more carbonaceous matter because 
thicker, and appearing blacker than the balance of the sporocarp wall; 
bands between these impressed veins fighter in colour, and with a thin 
central fine more or less developed. 

These sporocarps are associated in the Lower Blairmore with the three 
species founded on fronds. The question of the botanical relationship of 
Sagenopteris has been debated for years. The genus was founded by 
Presl in 1838 for a Rhaetic (Upper Triassic) form from south Germany, 
and since that time a considerable number of species have been described 
from all over the world, all coming from rocks of Mesozoic age. Nearly 

1 Seward, A. G'.: Wealden Flora, pt. 1, p. 18, PI. 1, fig. 3 (1894). 

* Berry, E. W.: Am. Jour. Sci., vol. 50, p. 50, fig. 2 (1920). 

• Pennajlow, D, P.: Trans. Roy. Soe., Canada, 2nd eer,, vol. 8, see. 4, p. 41 (1002). 
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all students have recognized its Pteridophytic affinities and many have 
suggested a relationship with the so-called water ferns (Hydropetraceae). 
The late Professor Nathorst was the most emphatic advocate of such a 
relationship, which is based on habit and venation of the vegetative parts, 
and of sporoearps like those described above which he described from the 
Rhaetic of Sweden where they were associated with Sagenopteris undulata 
Nathorst. The writer considered the evidence sufficiently good to warrant 
referring the Potomac species to the Hydropteridae in 1911. 

The discovery of bodies that have all the megascopic features of sporo- 
carps, that cannot be referred to any other known elements in the associated 
flora, in association with foliage, which in habit, form, and venation, 
independently suggests comparisons with the existing genus Marsilea, at 
two such remote localities as Sweden and Alberta, is strong presumptive 
proof of relationship. Moreover, these two occurrences are very different 
in age, thus showing no obvious change in the sporoearps during the time 
that elapsed between the Rhaetic and near the close of the Lower Cre- 
taceous, a time interval comparable in magnitude with the time that has 
elapsed between the mid-Cretaceous and the present. If the sporoearps 
preserved their appearance unchanged during the older interval this con- 
servative feature becomes an argument of validity in comparing their latest 
occurrence with the Marsilea sporoearps of the present. The evidence 
then that Sagenopteris is related to the recent Hydropteraceae is about as 
conclusive as can be secured in the absence of structural material. The 
present species is confined to the Lower Rlairmore locality DR1. 

Since these paragraphs were written Thomas 1 has brought forward 
circumstantial evidence for associating Sagenopteris with a Jurassic order 
which he calls the Caytoniales, and considers to be an extinct order of 
primitive angiosperms. 

Sagenopteris mclearni Berry n.sp. 

Plate IV, figure 3; Plate V, figures 8, 9 

Peduncle stout, terminated by five reticulate veined, digitately 
arranged leaflets. Leaflets lanceolate or obovate in outline, sessile, from 
6 to 9 cms. in length and from 1 *5 to 3 cms. in maximum width. Divided 
into numerous rounded pinnately arranged divisions separated by acute 
sinuses. Texture sub-coriaceous. Venation prominent. A conspicuously 
double midrib persists three-fourths of the distance or all the way to the 
tip, becoming thin distad. The tip may be broadly rounded or narrowly 
extended. The laterals diverge from the midrib at acute angles, curving 
outward, abundantly anastomosing, and terminating in the entire margins. 
The base is narrowly cuneate, the lobing being most pronounced medianly 
and diminishing toward both the base and the tip. 

This new species, named in honour of the collector, is distinguished 
from all other known species of Sagenopteris by its invariably pinnatifid 
character. Some of the previously described species have irregular mar- 
gins, and if I had but a single specimen it might seem proper to refer it to 
Sagenopteris elliptica as an abnormal variety since the latter species is 
abundant in the Lower Blairmore. As it is I have one specimen of the 
new species from locality DF1, another from CH6, twelve from CS2, and 
40 from CH7. Moreover, the venation is coarser than in S. elliptica. 


1 Thomas, H. H.: Phil. Trans. Roy. Soe. London, ser. B., vol. 213, pp. 299-363 (1925) , 
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Most of the leaflets are detached but they are closely associated in the shales 
and one specimen from locality CS2, which is the basis for the statement 
that the leaflets are five in number, shows four leaflets attached to the 
peduncle and a fifth in a position of attachment but lacking continuity by 
reason of a chip of shale broken out of the specimen. 

In the usual diagnoses of the genus four is given as the normal number 
of leaflets, although as few as two may be present, and Sagenopteris elliplica, 
if one may generalize from a limited amount of material in the Potomac 
Group, normally had five leaflets. 

As fossil species go Sagenopteris mclearni is the most distinctive of 
any of the described forms, which are normally variable in size and outline, 
and furnish few conclusive diagnostic characters. The genus is abundant 
in the Rhaetic, Jurassic, and Lower Cretaceous, and is represented by 
somewhat doubtful material from the European Upper Cretaceous. 

Sagenopteris mantelli (Dunker) Schenk. 

Plate V, figure 7 

Cydopteris mantelli Dunker, Wealdenbild., p. 10. PI. 9, figs, 4, 5 (1846). 
Adiantites mantelli Brongniart, Tableau, p. 107 (1849). 

Aneimidium mantelli Schimper, Pal. Veg6t., tome 1, p. 486, 1869; Atlas, 
PL 31, fig. 13 (1874). 

Sagenopteris mantelli Schenk, Palaeont. Bd. 19, p. 222; Seward, Wealden 
FI., pt. 1, p. 130 (1894); Fontaine, in Ward, U.S. Geol. Surv., 
Mon, 48, p. 233, PL 65, figs, 30-35 (1906). 

In this species the pinnules are small and elliptical, coriaceous, and 
stout veined. The specimens found sparingly at the Lower Blairmore 
locality CH2 are not distinguishable from material from the English and 
German Wealden. Sagenopteris fronds are notoriously variable and it 
may well be that this Lower Blairmore occurrence does not represent the 
European species, but that it should be referred to the associated and far 
more abundant, as well as variable, Sagenopteris elliptica. In fact, I am 
inclined to think that this is the true state of affairs. 

Genus, onychiopsis Yokoyama 
Onychiopsis psilotoides (Stokes and Webb) Ward 1 

This species, which by those who have no regard for the canons of 
nomenclature, goes under the name of Onychiopsis mantelli, has been referred 
to a variety of genera, including Hymenopteris, Aspidium, Sphenopteris, 
Thyrsopteris, etc. Very many supposed species of Thyrsopteris from the 
Potomac Group in particular belong here. Yokoyama was the first to 
recognize its similarity to the existing polypodiaceous genus Onychium, 
The present species is characterized by large tripinnate fronds, with reduced 
ascending, alternate, lanceolate-acuminate pinnules, serrately sub-lobate 
proximad; with fructifications of ovate, awn -like, sessile, or short-stalked 
terminal series. This species, which we might naturally suspect of being 
a composite one, has been recorded from the Neocomian and Wealden 
throughout the European Lower Cretaceous; from South Africa and 
Spitzbergen. On this continent it has been recorded from the Potomac 


1 For a MI synonymy and discussion of this epeeim See Barry, E. W.: Lower Cretaceous, p. 274 (1911). 
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Group, the Knoxville, the Kootenay, and Lakota. It appears to be repre- 
sented in the Kome beds of Greenland, and it is common in both the 
Kootenay and Lower Blairmore of Alberta, where it is frequently repre- 
sented by characteristic fruiting specimens. In the absence of the latter 
the sterile fronds frequently vary in the direction of the associated and 
equally protean species Onychiopsis goepperti , and it is not always possible 
to differentiate between the two with any precision. 

Occurrence. Kootenay; localities CK1, CLI (in fruit), CM1, CN1, COl, 

C03, CQ4 (in fruit), CP2, DG2, and DH2. Lower Blairmore; 

localities CH5, CH6, CB1, and DA3. 

Onychiopsis goepperti (Schenk) Berry 1 

Although not known for so long a period this species has shared the 
taxonomic career of the preceding species, and like it includes a large 
number of the forty supposed species of Thyrsopteris proposed by the late 
Professor Fontaine. This species was also based on large fern fronds and 
many students consider it identical with the preceding. The two are 
certainly closely related and it is doubtful if they can be consistently 
differentiated. Most of the Alberta material I have referred to Ony- 
chiopsis psilotoides , and it would do but little violence to the facts if all 
of this material was lumped under one or the other of these nominal species. 

The geologic and geographic range is essentially the same as that of 
the preceding. To it I have referred material from three localities in the 
Lower Blairmore, all of the somewhat similar material from the Kootenay 
of this region being referred to Onychiopsis psilotoides. 

Occurrence: Lower Blairmore; localities CH2, CH6, and CS2. 

Genus, oleandka Cavanilies 
Oleandra graminaefolia Knowlton 

Plate V, figures 5, 6 

Oleandra graminaefolia Knowlton, Smith. Misc. Coll., vol., 50, p. 113, PI. 
11, figs. 5, 6 (1907). 

Cephalotaxopsis ramosa Fontaine, in Ward, TJ.S. Geol. Surv., Mon. 48, 
p. 311, PI. 73, fig. 8 (1906). 

(not Potomac forms referred to this species by Fontaine). 

* IPinus ( Cyclopitus ) nordenskioldi Dawson, Trans. Roy. Soc., Canada, 
vol. 10, sec. 4, p. 88, tf. 9 (1892) (not Heer). 

Character of the fronds unknown, as are also the fructifications. 
The supposed fronds, which might perhaps be considered to represent 
detached pinnse, are narrowly linear, with a relatively strong midvein, and 
numerous close set, once dichotomous lateral veins at right angles to the 
midvein. 

This species was evidently one of the most abundant types of the 
Kootenay flora, to which horizon it is thus far confined. It has probably 
frequently been overlooked or misidentified in collections of plants of this 


J For a full synonymy and discussion of this species See Berry, E. W.: Lower Cretaceous, p. 281 (1911). 
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age, since the forked laterals upon which its positive determination depends 
are not visible in all specimens, although they can usually be seen if searched 
for. With this in mind this species should prove one of the most valuable 
horizon markers for the field geologist. 

The present is the smallest known species of Oleandra, either living or 
fossil, and it is difficult to picture its reaching such a profuse development 
if it had to compete for space on the ground with the large ferns and other 
elements of the Kootenay flora, and this leads to the suggestion that it 
may well have been pendant as a Kootenay epiphyte. 

Occurrence. Localities CK1, CK2, CM1, CN1, CN2, COl, CQ3, CQ4, 
DG1, and DH1. 

Genus, cladophlebis Brongniart 

Cladophlebis heterophylla Fontaine 
Plate Y, figures 1-4 

Cladophlebis heterophylla Fontaine, TJ.S. Nat. Mas. Proc., vol. 15, p. 493, 
PL 84, fig. 2 (1892) ; in Ward, TJ.S. Geol. Surv., Mon. 48, p. 294, 
Pl. 71, figs. 21-25 (1906). 

Pecopteris borealis Fontaine (non Brongniart), in Ward, 19th Ann. Kept., 
U.S. Geol. Surv., pt. 2, p. 655, PL 160, figs. 14, 15 (1899). 

Heer, Flora Fossilis Arctica, Bd. 1, p. 81, PL 1, fig. 14; PL 44, figs. 5a, 
b (1868) (not Atane identification of 1880). 

This well-marked species with tiny rounded or triangular pinnules is 
a prominent and characteristic element in the Kootenay, and one of the 
best types for field recognition in its flora. It is quite variable in details, 
but its long, slender pinnae with small, rounded pinnules give it a facies 
readily recognizable. The accompanying figures show its general char- 
acter and the limits of variation in size and venation. 

It is not especially close to other described species of Cladophlebis, 
but does resemble a number of Lower Cretaceous forms that go by other 
names. For example, it is much like what Seward wrongly called Nathorstia 
valdensis from the English Wealden, and what Schenk (not Dunker or 
Gutbier) called Pecopteris geiniizi from the German Wealden. It also 
resembles Dichopteris delicatula Seward of the English Wealden, in which, 
however, the venation is unknown. Single pinnae are suggestive of some 
fossil species of Gleichenia, as for example Gleichenia longipennis , rotula f 
and delicatula , but the habit is, of course, markedly different. 

The species occurs in the Knoxville beds of California and in the 
Cloverly, the supposed equivalent of the Kootenay in Wyoming, in the 
Fuson formation of eastern Wyoming, and probably in the Kome beds of 
western Greenland. 

Occurrence . Localities CK1, COl, DG1, and DH1. 

Cladophlebis montanense (Fontaine) Berry 

Aspidium montanense Fontaine, U.S. Nat. Mus. Proc., vol. 15, p. 490, 
PL 82, figs. 1-3; PL 83, figs. 2, 3 (1892). 

Aspidium monocarpum Fontaine, Idem., Pl. 83, figs. 4-6; Pl. 84, fig. 3. 
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In studying a collection of plants from the Kootenay at Great Falls, 
Montana, Fontaine established two species of the fern genus Aspidium 
Swartz, 1800 (antedated by Dryopteris Adanson, 1763). These were both 
represented by fertile and sterile material, and as was Fontaine's practice 
in very many instances, were based upon different parts of the large and 
variable fronds of a single botanical species. In the account of the Lower 
Cretaceous flora of Maryland 1 the writer showed that most, if not all, of 
Fontaine's supposed species of Aspidium (Dryopertis) were simply frag- 
ments of fruiting specimens of the genus Cladophlebis. It seems proper, 
therefore, to transfer the present species to that genus. It seems probable 
that this species represents a previously described wide-ranging species, 
for example, the terminal fertile pinnse so common in the Lower Blairmore 
is very close to Cladophlebis browniana (Dunker) Seward, which has already 
been recorded from the Kootenay of Montana and British Columbia, and 
it may also be compared with Cladophlebis parva Fontaine. The sterile 
specimens are close to Cladophlebis distans Fontaine. The number of 
nominal species of Cladophlebis in the literature clearly outruns their 
variety in nature, and it may as well be recognized that it is altogether 
impossible to obtain conclusive results with fragmentary material like so 
much of the plant-bearing shales in the disturbed region of Crowsnest 
pass. What I consider to represent the present species is not uncommon 
in both the Kootenay and Lower Blairmore. 

A curious nomenclatorial tangle involves the second name in the 
above synonymy. Aspidium monocarpum Fontaine was transferred to 
the genus Dryopteris by Knowlton 2 in 1898. A fern specimen from the 
Jurassic of Oregon was wrongly identified under this name by Fontaine 3 
in 1900, and when the Oregon Jurassic flora was finally elaborated this 
last form was transferred to Dicksonia oregonensis 4 * . The last is probably 
not a Dicksonia and might perhaps better be referred to the genus Coni- 
opteris. It is clearly different from the present Kootenay-Lower Blair- 
more species, but in the mix up of names just enumerated the latter appears 
to have been lost sight of, and it is not included in Knowlton 's recent “Cata- 
logue of Fossil Plants” 6 . 

Occurrence. Lower Blairmore, localities CH3 (?), CH7 (?), DB1 (abund- 
ant). Kootenay; localities CK1, CN1, CN2, COl, CQ4, DG1, 

DH1, and DH2. 


Cladophlebis parva Fontaine 

Cladophlebis parva Fontaine, U.S. Geol. Surv., Mon. 15, p. 73, PI. 4, fig. 7; 
PI. 6, figs. 1-3 (1890); in Ward, 19th Ann. Kept., U.S. Geol. Surv., 
pt. 2, p. 657, PI. 160, fig. 18 (1899); Mon. 48, pp. 225, 280, 510, 538, 
PL 65, figs. 5-8 (1906). 

Berry, Lower Cretaceous, p. 250, PI. 28, figs. 1,2; PL 30; Pl. 31 (1911). 

This species includes what Fontaine called Cladophlebis inclinata , 
Cladophlebis sp., Aspidium heterophyllum, and Dryopteris heterophylla. 


1 Berry. E. W.: Lower Cretaceous; Md. Geol. Surv., pp. 239-269 (1911). 

2 Knowlton, F, H,: U.S. Geol. Surv., Bull, 152, p. 92 (1898). 

* In Ward, L. F.: 20tli Ann. Kept., U.S. Geol. Surv., pt. 2, p. 369 (1900). 

* In Ward, L. F,: U.S. Geol. Surv,, Mon, 48, p. 65, PI. 6, figs. 3-9 (1905). 

* Knowlton, F. H.: U.S. Geol. Surv., Bull. 696 (1919). 
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The complete synonymy and a full description are given in my report 
cited above and need not be repeated in the present connexion. In 
Alberta this species is unknown in the Kootenay but it is not uncommon 
in the Lower Blairmore, where it is represented by both sterile and fertile 
material. Elsewhere it is known from the Patuxent, Arundel, and Patapsco 
formations of the Potomac Group; from the Knoxville of California; and 
from the Lakota formation of eastern Wyoming. 

Occurrence. Localities CS1, DA3, DBX (common), and DF1. 


Cladophlebis distans Fontaine 

Cladophlebis distans Fontaine, U.S. Geol. Surv., Mon. 15, p. 77, PL 13, 
figs. 4, 5 (1890). 

Berry, Lower Cretaceous, p. 258, PL 32, figs. 5, 6 (1911). 

This species, which includes the Aspidium fredericksburgensis of 
Fontaine, is a common element in the Potomac Group of the Atlantic 
Coastal Plain, and it has also been recorded from the Kootenay and upper 
part of the Knoxville. Somewhat doubtfully determined fragments 
sparsely represented at locality CHS appear to represent this species in 
Alberta. 


Cladophlebis virginiensis Fontaine 

Cladophlebis virginiensis Fontaine, U.S. Geol. Surv., Mon. 15, p. 70, Pl. 3, 
figs. 3-8; Pl. 4, figs. 1, 3-6 (1890). 

Berry, Lower Cretaceous, p. 248, PL 29, figs. 4-6 (1911). 

Cladophlebis falcata Fontaine, U.S. Geol. Surv., Mon. 15, p. 72, Pl. 4, fig. 8; 

Pl. 5, figs. 1-6; PL 6, fig. 7; Pl. 7, figs. 1-2 (1890). 

Cladophlebis acuta Fontaine, Idem., p. 75, Pl. 5, fig. 7; Pl. 7, fig. 6; Pl. 10, 
figs. 6, 7; PL 11, figs. 7, 8; Pl. 166, fig. 5 (1890). 

Cladophlebis oblongifolia Fontaine, Idem., p. 74 (part), Pl. 7, figs. 3, 4 (1890). 
Cladophlebis wyomingensis Fontaine, in Ward, 19th Ann. Kept. U.S. Geol. 

Surv., pt. 2, p. 656; Pl. 160, figs. 16, 17 (1899). 

Cladophlebis falcata montanensis Fontaine, in Ward, U.S. Geol. Surv., Mon. 
48, p. 291, Pl. 71, figs. 14, 20 (1906). 

Cladophlebis acuta angustifolia Fontaine, Idem., p. 539, Pl. 114, fig. 5 (1906). 

In addition to the names cited in the above synonymy the following 
names of Fontaine also represent fragments of this species: Thinnfeldia 
variabilis, Asplenium distans , and Thinnfeldia montanensis . It may be 
described as follows: Frond large, bi- or tripinnate, but generally pre- 
served in a fragmentary condition. Rachis stout and rigid. Ultimate 
pinnae long, rather remote, alternate to sub-opposite. Pinnules ovate to 
lanceolate and sub-falcate in outline, sometimes obtusely pointed, mostly 
separate to the base, attached by their whole base, which may be more or 
less widened. Venation characteristic of the genus. Margins usually 
entire, sometimes slightly crenulate or sub-dentate but becoming entire 
distad. Texture coriaceous. The degree of separateness of the pinnules, 
as well as their relative length and breadth, and their more or less falcate 
form, are characters dependent upon the age of the frond or the position 
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of the pinnules on the frond-long, narrow, almost straight proximal pinnules 
passing gradually into more or less short, broad, and falcate distal pinnules. 

This species, which is not uncommon in both the Kootenay and the 
Lower Blairmore of Alberta, is not very different from the widespread 
Lower Cretaceous type of Cladophlebis commonly referred to the species 
albertsii of Brongniart. As here understood it exhibits considerable minor 
variation from specimen to specimen, but these variations show so many 
gradations and are so readily explained that any specific segregation of 
them seems unwarranted. In general the pinnules are larger and rela- 
tively much wider than in Cladophlebis albertsii. 

Occurrence. Kootenay; localities CK1, CM1, CP2, DH1. Lower Blair- 
more; localities CH5, CH7 (?), CS1. 


Cladophlebis ungeri (Dunker) Ward 

Pecopteris ungeri Dunker, Mon. Norddeutsch. Wealdenbild., p. 6, PI. 9, 
fig. 10 (1846). 

Cladophlebis dunkeri Knowlton, TJ.S. Geol. Surv., Bull. 152, p. 73 (1898). 
Aspidium dunkeri Fontaine, U.S. Geol. Surv., Mon. 15, p. 101, PI. 22, fig. 9; 

PI. 25, figs. 11, 12; PI. 26, figs. 2, 8, 9, 18; PL 54, figs. 3, 9 (1890)! 
Aspidium parvifolium Fontaine, Idem., p. 100, PL 21, fig. 6; Pl. 24, fig. 8; 

PL 25, fig. 10; Pl. 26, figs. 1, 14, 16, 17 (1890)^ 

Pecopteris brevipennis Fontaine, Idem., p. 86, PL 21, figs. 1-3 (1890). 
Pecopteris pachyphylla Fontaine, Idem,, p. 88, PL 26, figs. 4, 5 (1890). 
Cladophlebis ungeri Ward, TJ.S. Geol. Surv., Mon. 48, pp. 228, 510, 538, 
Pl. 65, figs. 15, 16 (1906). 

Berry, Lower Cretaceous, p. 255, Pl. 33, figs. 1, 2 (1911). 

This European Lower Cretaceous species is supposed to be represented 
on this continent by the material represented by the foregoing synonymy. 
These represent occurrences in the early and late Potomac of the Atlantic 
Coastal Plain, and the Knoxville of California, the Fuson formation of 
Wyoming, and the species is also probably represented in the Koine beds 
of Greenland. 

It is a minor element in the Lower Blairmore of Alberta, being present 
only at locality CH7. 


Genus, coniopteris Brongniart 
Coniopteris pachyphylla (Fontaine) Berry 
Plate VII, figures 1-4 

Dicksonia pachyphylla Fontaine, in Ward, TJ.S. Geol. Surv., Mon. 48, pp. 

224, 288, PL 65, fig. 1; Pl. 71, figs. 5-11 (1906). 

Dicksonia montanensis Fontaine, Idem., p. 286, Pl. 71, figs. 1-4 (1906). 
Aspleniopteris pinnatifida (?) Fontaine, in Diller and Stanton, Geol. Soc. 
Am. Bull., vol. 5, p. 450 (1894). 

Small fragments of a fruiting fern of the Dicksonia type and typically 
that of the family Cyatheaceae occur in both the Kootenay and Lower 
Blairmore of Alberta. I have referred them both to a single species, 
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although superficially they are not exactly alike, the vegetative part of 
the pinnule being considerably less reduced in the Kootenay material. 
It is possible that the two represent distinct species, but as I have but a 
single small specimen from each locality there is no opportunity to test 
the amount of variation. However, in the material described by Fontaine 
from the Kootenay of Montana and the Knoxville of California there is a 
quite considerable range of variation in the shape of the fructifications, 
their size, and the extent to which the lamina of the pinnule has disappeared 
which leads me to think that they all represent a single botanical species. 
I have transferred it to the genus Coniopteris which it seems is more 
appropriate than Dicksonia. 

Occurrence . Kootenay; locality CK1 (Plate VII, figures 1, 2). Lower 
Blairmore; locality CHS (Plate VII, figures 3, 4), 

Genus, acrostichopteris Fontaine 
Acrostichopteris fimbriata Knowlton 

Acrostichopteris fimbriata Knowlton, Smith. Misc. Coll., vol. 50, p. 110, 
PI. 11, figs. 3, 3a (1907). 

The genus Acrostichopteris is exceedingly abundant and varied 
throughout the Potomac Group of the Atlantic Coastal Plain, occurring 
also in the Jurassic and Wealden of England. It is present also in both 
the Lakota and Fuson formations of the Black Hills in Wyoming, but has 
not been recorded from the Knoxville formation of the Pacific Coast region 
nor from the Koine beds of western Greenland. In so far as the record is 
known the genus is sparingly represented in the Kootenay by the present 
species, heretofore known only from the Montana area. The genus is not 
known in the Lower Blairmore. As its describer has pointed out the 
present species is similar to the east coast Acrostichopteris parvifolia Fon- 
taine, and also much like the English Wealden species, Acrostichopteris 
raff or di Seward. 

Occurrence. Kootenay; locality CQ4. 

Cycadophyta 

Genus, fterophyllum Brongniart 
Pterophyllum acuMpennis (Heer) Berry 

Zamites acutipennis Heer, Zeits. Deutsch. Geol. Gesell. Bd. 24, p. 161 
(1872). Flora Fossilis Arctica, Bd. 3, ab. 2, p. 66, PI. 15, figs. 
3-5; Pl. 16, fig. 10 (1874). 

Dawson, Trans. Roy. Soc., Canada, vol. 3, sec. 4, p. 7, PI. 1, fig. 5 
(1885). 

Zamites apertus Newberry, Am. Jour. Sci., vol. 49, p. 199, PI. 14, figs. 4, 5 
(1891). 

Knowlton, Smith. Misc. Coll., vol. 50, p. 121, PI. 13, fig. 5 (1907). 

This species, as I conceive it, shows considerable minor variation in 
the width and length of the pinnules and the degree of obtuseness or 
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acuteness which they exhibit. It is exceedingly common and character- 
istic of the Kootenay, being present at numerous localities in the Crows- 
nest Pass region of Alberta, as well as in British Columbia and Montana. 
It is also found in the Bull Head Mountain sandstone and the Kome 
beds of western Greenland, the last being the type locality. As the pin- 
nules do not meet medianly on the rachis and they are not contracted proxi- 
mad I have transferred it from Zamites to the genus Pterophyllum. The 
oldest name available, acutipennis, is not especially appropriate as the 
pinnules are more often obtuse instead of acute. The species occurs in 
the Lower Blairmore, but is not so prominent at that horizon as in the 
Kootenay. 

Occurrence. Kootenay; localities CK1, CK2, CM1, CN1 (very abund- 
ant), CN2, CQ4, DG1, and DH1. Lower Blairmore; localities CH5, 
and CH7 (?). 


Genus, cycadolepis Saporta 
Cycadolepis sp. 

Plate VII, figure 7 

An unsymmetrical obovate scale of considerable consistency and 
about 2-75 cms. in length by about 1 cm. in maximum width appears to 
represent a carpellary or antheriferous scale of some species of cycado- 
phyte. 

The genus Cycadolepis was proposed by Saporta 1 for detached bud 
scales of cycadean fronds, but it was extended by Seward 2 to include 
petiolar bases and isolated carpellary or antheriferous scales which show 
no traces of ovules or pollen sacs. 

Occurrence. Kootenay: locality CN1. 


Genus, dioonites Miquel 
Dioonites buchianus abietinus (Goeppert) Ward 

Pterophyllum abietinum Goeppert in Dunker, Mon. Norddeutsch. Wealden- 
bild., p. 15, PL 7, fig. 2 (1846). 

Dioonites buchianus angustifolius Fontaine, U.S. Geol. Surv., Mon. 15, 
p. 185, PI. 67, fig. 6; PI. 68, fig. 2 (1890). 

Dioonites buchianus abietinus Ward, U.S. Geol. Surv., Mon. 48, pp. 250, 
486, PL 67, figs. 1-3; Pl. 108, fig. 2 (1906). 

This species is superficially like Pseudocycas unjiga which is so common 
in the Upper Blairmore, but lacks the double midrib of the latter. It was 
described originally from the European Lower Cretaceous and has been 
recorded on this continent from the Patuxent formation of the Atlantic 
Coastal Plain, and the Knoxville and Hometown beds of California. It 
has not been recognized in the Kootenay of this or other areas. 

Occurrence. Lower Blairmore; localities CH7, I) A3, and DB2. 


1 Saporta, G. de: Pal. Franc. ii, vfegfet., tome 2, p. 200 (1875). 

* Seward, A. C.: Wealden FI., pt. 2, p. W (1895). 
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Genus, podozamites F. Braun 
Podozamites lanceolatus (Lindley and Hutton) F. Braun 1 

Plate VI 

This so-called species, probably a composite, has a most extensive 
range, both geologic and geographic. To it I have referred a number of 
specimens from the Kootenay of Alberta. I have not found it in the 
Blairmore, although it has been recorded from other areas from horizons 
considerably younger than the Upper Blairmore. Although it is similar 
to some of the more elongate pinnule forms of Nageiopsis zamioides and 
might be confused with it, in fact may represent it, I separate it on the 
basis of the relatively longer and narrower pinnules, with finer and more 
numerous veins which converge somewhat toward the apex. There is no 
trace of spiral phyllotaxy or decurrent leaf bases, the rachis is not known 
to branch as does the stem of Nageiopsis, and the leaflets are irregularly 
spaced and less crowded, due perhaps to their deciduous habit. The 
specimens are not at all like Nageiopsis longifolia or Nageiopsis angustifolia . 
Among its many recorded occurrences Podozamites lanceolatus is known 
from other Kootenay localities, from the Bull Head Mountain sandstone, 
from the Knoxville of the Pacific Coast region, and from the Kome beds of 
western Greenland. 

Occurrence. Localities CK1 (figured), CK2, CL1, CM1 (?), CN1, COl, 

CP2 (?), and CQ4 (?). 

Incertae sedis 

Genus, stenorachis Saporta 
Stenorachis canadensis Berry n. sp. 

Plate VII, figures 8-11 

The objects here referred to Stenorachis are not uncommon at the 
Lower Blairmore locality DB1, four specimens having been discovered. 
They show a stout axis from 1*5 to 2*5 mms. in diameter, generally some- 
what curved, and preserved for maximum lengths of 6 cms. At intervals 
of about 1 to 1*5 cms. these axes give off branches alternately. These 
branches are slender, about 1 mm. in diameter, much curved, and about 
1 cm. in length. They appear to be invariably simple and not forked. 
At their tips they expand into pendant oval bodies of considerable con- 
sistency, which bodies are from 1 to 1*5 cms. in maximum and 8 to 11 
mms. in minimum diameter. They have a fluted appearance, not that of 
a seed, and are suggestive of from 4 to 8 large sporangia. 

These objects are unlike any Ginkgoalean or Cycadophyte fructifi- 
cations known to me, and although I fully recognize that this is not legi- 
timate evidence against such a relationship when the wealth of Mesozoic 
vegetative remains representing these two alliances is borne in mind, I 
cannot rid myself of the belief, suggested at first sight of them, that they 
represent modified fern pinnae enclosing large sac-shaped sporangia, or 
perhaps sori. That they are not simply unopened circulate pinnae is indi- 


1 For the extensive synonymy See Berry, E. W.: Lower Cretaceous, Md. Geol, Surv., p. 341 (19111. 
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cated by their consistency and substance, and that they are not shrivelled 
fruits is suggested by the regularity of the elevated bosses and intervening 
depressions. 

The genus Stenorachis to which they are referred was proposed by 
Saporta in 1875 for late Triassic and early Jurassic forms which Nathorst 
had referred to Zamiostrobus, and was considered by Saporta, a view in 
which Nathorst subsequently concurred, as the fruiting parts of some 
Ginkgoalean plant. Seward subsequently proposed to transfer to Steno- 
rachis several forms of supposed staminate sporophylls which Heer had 
described and referred directly to Ginkgo, which it must be admitted they 
much resemble. There is absolutely no definite proof of the morpho- 
logical nature of Stenorachis, or whether the lateral appendages are axillar 
or foliar in nature, indeed it seems very probable that the genus is really 
a composite, since sometimes these appendages are simple, as in the present 
case; at other times they are forked; sometimes they suggest staminate 
sporophylls, and sometimes they suggest seed-bearing sporophylls. The 
type of the genus, Stenorachis scanicus (Nathorst) Saporta, has the appear- 
ance of the Ginkgoales, but as mentioned above, this Canadian material 
may be Filicalean. Similar objects are not uncommon during the Jur- 
assic, but I do not recall any from as recent a horizon as the Lower Blair- 
more. 


Genus, nilsonia Brongniart 
Nilsonia densinerve (Fontaine) Berry 

Platypterigium densinerve Fontaine, XJ.S. Geol. Surv., Mon. 15, p. 169, PI. 
30, fig. 8; PI. 31, figs. 1-4; PI. 32, figs, 1, 2; PL 33, fig. 1; Pl. 34, fig. 
1; PL 35, figs. 1, 2 (1890); Idem., Mon, 48, p. 521, PL 112, fig, 8 (1906). 

Platypterigium rogersianum Fontaine, U.S. Geol. Surv., Mon. 15, p. 171, 
Pl. 31, fig. 2; Pl. 33, fig. 2; PL 34, fig. 2 (1890). 

Nilsonia densinerve Berry, Lower Cretaceous, p. 362, Pis. 57, 58 (1911). 

Fronds large, upwards of 50 to 70 cms. in length by 15 to 18 cms. in 
maximum width, averaging about 12 cms. normally, either entire or more 
often irregularly divided into rectangular or sub-rhombic segments, which 
are at times somewhat rounded basally. Texture coriaceous. Bachis 
stout, prominent on the under side of the frond. Laterals of small calibre 
relatively, closely spaced simple, nearly straight and parallel. 

This species was described originally from material that came from the 
older Potomac of the Atlantic Coastal Plain (Patuxent and Arundel 
formations) to which it is confined with the exception that two specimens 
from the Lower Blairmore locality CH4 appear to represent it. These are 
small fragments of entire fronds about 5 cms. wide. They are hence 
slightly smaller than is normal for this species and have a correspondingly 
more slender rachis, but are otherwise similar. Since it is to be expected 
that small as well as large fronds were necessarily present in this species, 
and no other described form of Nilsonia is comparable, I have considered 
that these two specimens from locality CH4 represent it in the Lower 
Blairmore. 
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Nilsonia schaumburgensis (Dunker) Nathorst 
Plate VII, figure 5 

PterophyUum schaumburgensis Dunker, Mon. Norddeutsch. Wealdenbild., 
p. 15, PI. 1, fig. 7; PL 2, fig. 1; PL 6, figs. 5-10 (1846). 
Anomozamites schaumburgensis Schimper, Pal. v%6t., tome 2, p. 141; 
Atlas, Pl. 70, figs. 5, 6 (1870). 

Schenk, Palseont., Bd. 19, p. 231, PL 33 (1871). 

Nilsonia schaumburgensis Nathorst, Denks. k. Akad. Wiss. Wien, Bd. 57, 
p. 45, Pl. 1, figs. 6-9 (1890). 

Yokoyama, Jour. Imp. Coll. Sci. Japan, vol. 7, p. 227, Pl. 20, figs. 12, 
14; PL 21, fig. 14; PL 22, figs. 5-7 (1894). 

Seward, Wealden Flora, pt. 2, p. 53, tf. 3 (1895). 

Fontaine, in Ward, TJ.S. Geol. Surv., Mon. 48, p. 303, Pl. 72, figs. 
17-21 (1906). 

Knowlton, Smith. Misc. Coll., vol. 4, pt. 1, p. 123 (1907), 

Nilsonia pasaytensis Penhallow, Trans. Roy. Soc., Canada, 3d ser., vol. 1, 
sec. 4, p. 307, tf. 3 (1907). 

Angiopteridium stridinerve Fontaine, U.S. Geol. Surv., 18th Ann. Rept., 
pt. 3, p. 481 (1898). 

This small, mostly divided frond type of Nilsonia is exceedingly wide- 
spread in the Lower Cretaceous. Described originally from material from 
the Wealden of Germany, it is present in deposits of that age in England. 
It has been recorded from the Neocomian of Japan; from the Knoxville 
and Horsetown beds of California; and from the Kootenay at several 
localities in Montana. I can see no appreciable difference between the speci- 
mens from the Kootenay of Alberta and illustrations of the European type 
on the one hand and the Asiatic Lower Cretaceous specimens on the other. 

The species shows considerable variation in size, but in general it is 
long and narrow and usually segmented. Specimens collected by Daly 
along the International Boundary between Pasayten and Skagit rivers in 
British Columbia were recorded as Nilsonia pasaytensis by Penhallow. 
The species is probably closely related to, if not identical with, Nilsonia 
nigracollensis described by Wieland from the Lakota formation of South 
Dakota, and recorded from the Morrison formation of Wyoming, the 
Kootenay of Montana, and the Bull Head Mountain sandstone of British 
Columbia. 

Nilsonia schaumburgensis can be distinguished with difficulty, if at all, 
from the Jurassic Nilsonia nipponensis Yokoyama, or the widespread 
Jurassic Nilsonia compta (Phillips) Goeppert. 

Occurrence. Not uncommon at the Kootenay locality CK1. 

Genus, czekanowskia Heer 
Czekanowskia sp. 

Plate VIII, figures 1-3 

A species of this interesting genus is not uncommon at three localities 
in the Kootenay of Alberta. The material is important in that it demon- 
strates the dichotomous habit of the leaves, and a specimen and its counter- 
part from Nez Perce creek near the McGilhvray mine (locality COl) shows 
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a part of the thick scale-covered basal shoot. None of the specimens is 
complete and they do not agree exactly with one another or with previously 
described forms, although they might readily represent Czekanowskia 
dichotoma Heer from the Kome Cretaceous of Greenland. Czekanowskia 
nervosa Heer was identified by Fontaine 1 from the Lakota formation of the 
Black Hills of Wyoming, but the material suggests the genus Baiera to me 
although it may be the same as my figure 3 from locality CK1. 

In the present species the leaves are narrow, linear, and fasciculate 
from a short, thick, scale-covered shoot. In the Kootenay material from 
the first locality they are simple for a long distance not forking several 
centimetres above their base. Specimens from a second locality (OKI) 
are somewhat stouter and show repeated dichotomous forking. A midrib 
is usually visible together with subordinate veins parallel with it near the 
margins. The leaves are of considerable consistency, and the stomata 
of several Jurassic species have been described by Nathorst and Seward. 

The genus is rather widespread in the Middle Jurassic and Lower 
Cretaceous. Heer referred it to the Ginkgoales from its resemblance in 
habit to Baiera, and the character of the stomata lends some support to 
this view. Jeffrey suggested an Araucarian relationship for Czekanowskia, 
but there appears to be no basis for such an opinion. Although the short 
shoots suggest Pinus, the dichotomous habit of the leaves negatives such a 
relationship, and although it cannot be considered to be settled the present 
status of the evidence points to the botanical affinity suggested by the 
author of the genus. 

Occurrence. Kootenay; localities COl, CK1, and CQ3. 


Genus, ginkgo Linnaeus 
Ginkgo arctica Heer 
Plate VII, figure 6 

Ginkgo arctica Heer, Flora Fossilis Arctica, Bd. 3, ab. 2, p. 37, PL 3, fig. 3 
(1874): Idem., Bd. 6, ab. 2, p. 14 (1882). 

Ginkgo siMrica Dawson (non Heer), Trans. Roy. Soc., Canada, vol. 3, 
sec. 4, p. 8, PL 2, fig. 1 (1885). 

Knowlton (non Heer), Smith. Misc. Coll., vol. 4, pt. 1, p. 124, Pl. 13, 
figs. 1-4; PL 14, figs. 1, 2 (1907). 

Baiera brevifolia Newberry, Am. Jour. Sci., vol. 41, p. 199, Pl. 14, fig. 3 
(1891). 

Baiera grandis Heer, op. cit., p. 37, PL 3, fig. 4 (1874) : Idem., p. 10 (1882) 
(non Hollick, 1907). 

Leaves of Ginkgo are notably variable, the specimen figured being a 
rather large variant, and this Lower Cretaceous form has frequently been 
confused with the Jurassic Ginkgo sibirica Heer, a similarly variable but 
generally distinguishable species. The present species is common in the 
Kootenay of Alberta and occurs more sparingly in the Lower Blairmore. 
It was originally described from material from the Kome beds of western 
Greenland and was subsequently recorded from the Kootenay of British 


i Fontaine, W. M., in Ward, L. F.: 19th Ann. Kept. U.S. Geol. Surv., pt. 2, p. 685, Pl. 169, figs. 1, 2 (1899). 
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Columbia by Dawson, and by Newberry and Knowlton from various 
outcrops of this age in Montana, and by the present writer from the Bull 
Head Mountain sandstone of British Columbia. 

Occurrence. Kootenay; localities CK1 (common), CN2, COl, and CPI. 

Lower Blairmore; localities CH5 and CH7. 

Genus, baieba F. Braun 
Baiera sp. 

A single fragment from the Kootenay locality DH2 appears to repre- 
sent a Baiera, although it may simply be a fragment of the abundant 
Ginkgo arctica , which, however, has not been detected at this particular 
locality. 

Genus, nageiopsis Fontaine 
Nageiopsis zamioides Fontaine 

Nageiopsis zamioides Fontaine, U.S. Geol. Surv., Mon. 15, p. 196, PI. 79, 
figs. 1-3; PL 80, figs. 1, 2, 4; PI. 81, figs. 1-6: Idem., Mon. 48, 
pp. 510, 521, 528, 545 (1906). 

Berry, Lower Cretaceous, p. 386, Pl. 62, figs. 1, 2; Pl. 63 (1911). 

This somewhat variable species includes the forms to which Fontaine 
gave the following names: Nageiopsis recurvata, deerescens, ovata, hetero - 
phylla , and microphylla. A complete synonymy will be found in the work 
by the writer cited above. The species is characterized by ovate-lanceo- 
late leaves which are proportionately shorter and wider than Nageiopsis 
angustifolia and much shorter and more rounded in outline than in Nagei- 
opsis longifolia . They are broadest toward the rounded base, and widths 
of 1*5 cms. have been observed, although they are usually narrower. 
They are very variable as to size, generally acutely tipped but sometimes 
obtuse. 

Characteristic specimens of this species occur at the Kootenay locality 
CQ4, The species is exceedingly common throughout the Potomac 
Group of the Atlantic Coastal Plain, but has not been recorded from 
outside that region except for an extremely doubtful record from the 
Knoxville beds of California. The genus Nageiopsis, like the fern genus 
Acrostichopteris, appears to be far less common in the western than in 
the eastern part, of North America during the Lower Cretaceous. It is 
possible that the detached pinnules identified as Podozamites lanceolatus 
from the Kootenay and Lower Blairmore of Alberta may represent this 
species of Nageiopsis. The two are difficult to differentiate, but the only 
conclusively determined occurrence of this species is the present one. 

Nageiopsis angustifolia Fontaine 

Nageiopsis angustifolia Fontaine, U.S. Geol. Surv., Mon. 15, p. 202, Pl. 

86, figs. 8, 9; PL 87, figs. 2-6; PL 88, figs. 1, 3, 4, 6-8; Pl. 89, fig. 2 
(1890); in Ward, 19th Ann. Kept., U.S. Geol. Surv., pt. 2, p. 684, 
PL 168, fig. 7 (1899): Idem., Mon. 48, pp. 219, 491, 516, 528, 
560, PL 117, figs. 4, 5 (1906). 

Berry, Lower Cretaceous, p. 389, Pl. 63, figs. 3, 4 (1911). 
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This is the most clearly marked of all of the American species of 
Nageiopsis. It is found throughout the Potomac Group in the east, and 
has been recorded from the Knoxville and Horsetown beds of California, 
and from the Lakota formation of eastern Wyoming. In Alberta it is 
present in both the Kootenay and the Lower Blairmore, apparently rare 
in the former and more abundant in the latter. It may be briefly described 
as follows: stems much branched, relatively large. Leaves variable in 
size but constantly relatively very long and narrow, sometimes slightly 
falcate, acute, averaging about 3 mms. in maximum width, and from 2 to 7 
cms. in length. Veins longitudinal, parallel, about eight in number. 

Occurrence. Kootenay; locality CK1. Lower Blairmore; localities CH7, 
DB1, and DF 1. 

Nageiopsis (?) montanensis Fontaine 

Nageiopsis montanensis Fontaine, in Ward, U.S. Geol. Surv., Mon. 48, 
p. 312, PI. 73, fig. 10 (1906) = 

There are two fragments in the Kootenay collection from locality 
CQ2 which probably represent what Fontaine described as Nageiopsis 
montanensis from the Kootenay at Geyser, Montana. The type was 
based upon a single detached leaf which is exactly like forms, which in the 
European Cretaceous, have been referred to Podozamites, and there is 
absolutely no evidence that any of these occurrences represent the genus 
Nageiopsis. 


Nageiopsis sp. 

Plate VIII, figure 7 

The specimen figured from the Lower Blairmore locality DB1 is all 
there is representing what may be a new species of Nageiopsis or an abnor- 
mal twig of a described species or even an abnormal twig of Torreya. It is 
clearly a branched conifer with small, elliptical parallel veined leaves of 
considerable consistency. The material is inadequate for a proper descrip- 
tion or identification, although the specimen is not unlike some of the 
variants of the Potomac species Nageiopsis ovaia. 


Genus, torreya Amott 
Torreya dicksoniana Heer 

Torreya dicksoniana Heer, Flora Fossilis Arctica, vol. 3, ab. 2, p. 70, PI. 
18, figs. 1-4 (1874); Idem., vol. 6, ab. 2, p. 15 (1882). 

This rather well-marked species is present in sparing amounts at two 
localities in the Lower Blairmore. It was described originally from material 
in the Kome beds of western Greenland and is not uncommon in the Bull 
Head Mountain sandstone of British Columbia. It should not be con- 
fused with the Kootenay species described by Dawson as Torreya dick - 
sonioides , which really represents Sequoia smiitiana. 

Occurrence . Lower Blairmore; localities CH5 and DB1. 
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Genus, cephalotaxopsis Fontaine 
Cephalotaxopsis magnifolia Fontaine 

Cephalotaxopsis magnifolia Fontaine, U.S. Geol. Surv., Mon. 15, p. 336, 
Pl, 104, figs. 4, 5; PL 105, figs. 1, 2, 4; Pl. 106, figs. 1, 3; Pl. 107, 
figs. 1, 2, 4; Pl. 108, figs. 1, 3 , 4 (1890): Idem., 19th Ann. Rept., 
pt. 2, p. 686, PL 162, fig. 16; PL 169, figs. 3, 4 (1899). 

Berry, Lower Cretaceous, p. 377, PL 60, fig. 1 (1911). 

Tbis remarkably fine species also includes parts of what Fontaine 
called Cephalotaxopsis ramosa and what Ward called Cephalotaxopsis 
rhytidodes. When well preserved it is readily determined and fine speci- 
mens are known from the Patuxent formation of Virginia. When poorly 
preserved it is liable to be confused with a variety of plants and especially 
with Nageiopsis angustifolia. The latter has parallel veins, whereas there 
is a single midrib in Cephalotaxopsis. The latter may be described as 
follows: branches stout, more or less branched. Leaves distichous in 
habit, but probably spiral in phyllotaxy, strikingly like those of the modern 
Cephalotaxus. Linear lanceolate in outline, rather abruptly rounded at 
the base, and tapering gradually upward, mucronate pointed. Length 2 to 
6 cms., averaging 4 or 5 cms. Width 3 or 4 nuns. Texture coriaceous. 
The midrib is broad and flat, occupying about one-seventeenth of the 
diameter of the leaf, and the stomata are confined to a sunken band on 
either side of the midrib. The species is known from the Patuxent, 
Lakota, and Fuson formations. 

Occurrence. Lower Blairmore; locality CH5. 


Genus, athrotaxopsis Fontaine 
Athrotaxopsis grandis Fontaine 
Plate VIII, figures 4-6 

Athrotaxopsis grandis Fontaine, U.S. Geol. Surv., Mon. 15, p. 240, PL 114, 
figs. 1-3; Pl. 116, figi?. 1-4; Pl. 135, fig. 10 (1890): Idem., 48, 
pi 546 (1906). 

Berry, Lower Cretaceous, p. 441, Pl. 76; Pl. 77, fig, 6 (1911). 

To this species are also referred what Fontaine called Athrotaxopsis 
temdcaulis, and pachyphylla. This genus was named from its resemblance 
to the existing genus Athrotaxis Don which has three species in the Tas- 
manian region. The name is retained, not because I regard it as indicating 
such a botanical relationship in the fossils, but merely as a convenience so 
as not to obscure their chronological significance. All it denotes is some 
conifer with spirally arranged, appressed, pointed leaves, copiously 
branched, with slender, cylindrical twigs, and small, terminal, spheroidal 
cones of few cuneate truncate scales. 

In the absence of cones these twigs are not certainly distinguishable 
from what has been called W iddringtonites ramosus (Fontaine) Berry, 
Sphenolepis kurriana (Dunker) Schenk, Sequoia condita Lesquereux, or 
various other forms referred to the nominal genera Echinostrobus Schimper, 
Arthrotaxites Unger, and Cyparissidium Heer. Fortunately the Lower 
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Blairmore material contains a considerable number of the characteristic 
small cones, so that, whatever its botanical affinity, it is clearly identical 
with what has been called Athrotaxopsis grandis in the Potomac Group of 
the Atlantic Coastal Plain. 

It seems a reasonable assumption that this very abundant conifer of 
the Lower Blairmore is the one that has furnished ail of the material of 
identical appearance found at that horizon, and I have accordingly so 
identified all of the fragments as this species even where cones were lacking. 
It is common in the Patuxent and Arundel formations of the Potomac 
Group, and has been identified in the youngest or Patapsco formation- — 
the last specimens lacking the conformation of cones. Somewhat ambigu- 
ous material representing both twigs and cones, and probably correctly 
identified, is present in the Fuson formation of eastern Wyoming. It has 
not been reported from the Kootenay or the Pacific Coast Cretaceous. 
It is present at a single locality (CQ2) in Alberta, questionably referred to 
the Kootenay, and although there is not the slightest reason why it should 
not be present in the Kootenay its abundance at numerous localities in the 
Lower Blairmore suggests that this locality, whose stratigraphic position 
seemed doubtful to the collector, should be referred to the Lower Blair- 
more. 

Occurrence. Kootenay (?); locality CQ2. Lower Blairmore; localities 

CH2, CH3, CH5, CH7, CHS, CS2, CV1, DB1, and DF1 (?). 

Genus, geinitzia Endlicher 

Geiniizia sp. 

Leafy twigs that apparently represent this genus are present at two 
localities in the Lower Blairmore. They may represent the same species 
as the branch impressions in the Upper Blairmore which I have tentatively 
referred to Geinitzia jenneyi or they may represent the Upper Cretaceous 
Geinitzia formosa Heer. There* are a number of species of Sequoia which 
greatly resemble Geinitzia, and in the absence of more extensive and 
complete material it has not seemed worth while to endeavour to describe 
the present material in detail. 

Occurrence. Lower Blairmore; localities CHS and DB1. 

Genus, sphenolepis Schenk 
Sphenolepis sternbergiana (Dunker) Schenk 

Muscites sternbergiana Bunker, Mon. Norddeutsch. Wealdenbild., p. 20, 
PL 7, fig. 10 (1846). 

Sphenolepis sternbergiana Schenk, Palseont., Bd. 19, p. 243, PI. 37, figs. 3, 4; 
PI. 38, figs. 3-13 (1871). 

Berry, Lower Cretaceous, p. 435, PI. 75, figs. 1, 2 (1911). 

A full synonymy and discussion of this species will be found in the work 
by the writer cited above. It is also frequently referred to the genus 
Sphenolepidium proposed by Heer as a substitute for Sphenolepis Schenk, 
but there is no basis for changing Schenk’s proposal. The species has 
relatively slender twigs with stout, spirally arranged, keeled, acuminate, 
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crowded leaves, and small, oblate, spheroidal cones. It has been referred 
to a variety of genera and is very ambiguous from a botanical standpoint. 
As it stands in the literature it has a very wide range, being common in 
the Wealden, throughout the Lower Cretaceous of Portugal, and with a 
similar geologic range in the Potomac Group. It is probably present in 
the Kome beds of Greenland where it masquerades as a Sequoia or 
Glyptostrobus. 

Remains that apparently represent this species are present in the 
Lower Blairmore at localities CH6 and DAI. 


Genus, sequoia Endlicher 
Sequoia smittiana Heer 

Sequoia smittiana Heer, Zeits. Deutsch. Geol. Gesell., vol. 24, p. 161 (1872); 
Flora fossilis arctica, vol. 3, ab. 2, p. 82, PI. 12, fig. 10b; PI. 17, 
figs. 3, 4; PI. 18, fig. lb; PL 20, figs. 5b, 7c; Pi. 23, figs. 1-6 (1874). 
Dawson, Trans. Roy. Soc., Canada, vol. 3, sec. 4, p. 9, PL 2, figs. 7, 7a 
(1885). 

Taxodium cuneatus Dawson, Idem., Pl. 2, fig. 8 (non Newberry). 

Torreya dicksonioides Dawson, Idem., vol. 1, sec. 4, p. 21, Pl. 2, fig. 4 (1882). 

This is one of the typical and well-marked species of Cretaceous Sequoia. 
It was described originally from material from the Kome beds of western 
Greenland, and was subsequently identified by Dawson from a number of 
supposed Kootenay localities in British Columbia and from the Kootenay 
of Montana. It is not uncommon in the Bull Head Mountain sandstone 
of British Columbia. It has been recorded by Kryshtofovich 1 from the 
Upper Cretaceous of the island of Sakhalin, but as he gives no illustrations 
and species of Sequoia show many convergent features I regard the identi- 
fication as extremely unlikely, although not impossible. 

Localities in the Lower Blairmore CH5 and CH7. 


Genus, brachyphyllum Brongniart (?) 

Brachyphyllum sp. 

Doubtfully represented by obscure, relatively slender twigs at locality 
CH7 which may simply represent the thicker branches of the Lower 
Blairmore conifer that I have referred to Athrotaxopsis grandis. Such thick 
old branches would tend to have the leaf scars shortened until they would 
resemble the rhomb oidal leaves of this genus. 

Brachyphyllum is said to appear in the geological record in the 
southern Permian, but it is especially characteristic of the Jurassic and 
Lower Cretaceous, surviving into the Upper Cretaceous and gradually 
dying out during that time. 


1 Krystofovich, A.: Jour. Coll. Sci. Imp. Univ., Tokio, vol. 40, art. 8, p. 46 (1918). 
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Angiospermophyta 

Genus, sapindopsis Fontaine 
Sapindopsis brevifolia Fontaine (?) 

Plate VIII, figures 8, 9 

Sapindopsis brevifolia Fontaine, U.S. Geol. Surv., Mon. 15, p. 300, PL 153, 
fig. 4; PI. 155, figs. 1, 7; Pl. 163, fig. 3 (1890) ; in Ward, Idem., 48, 
pp. 481, 482, 528 (1906). 

Berry, U.S. Nat. Mus., Proc., vol. 38, p. 644 (1911); Lower Cre- 
taceous, Md. Geol. Surv., p. 473, PL 87, figs. 2-5 (1911); U.S. 
Geol. Surv., Prof. Paper 129, p. 216, Pl. 55, fig, 1; PL 59, fig. 1 
(1922). 

Leaves odd pinnate, the terminal leaflet considerably larger than the 
lateral leaflets, of which only two pairs are known. These are opposite. 
Leaflets generally somewhat crowded so that their margins often overlap, 
with sub-acute tips and cuneate bases, varying in length from 2 to 5 cms., 
and in width from 0*7 to 1*6 cms., averaging about 3 cms. long and 1*3 
cms. wide. Often inequilateral toward the base and showing considerable 
variation in decurrence — in some the rachis is conspicuously winged, in 
others the leaflets are all petiolulate. Midribs stout. Secondaries rather 
straightly ascending, camptodrome, usually seen with difficulty, as they 
are relatively slender and the leaf texture is coriaceous. 

The foregoing description is drawn up from the complete material 
found in the Patapsco formation and the Cheyenne sandstone. That from 
the Lower Blairmore is sparse and incomplete and the identification is 
consequently queried, since this material fails to definitely show the pinnate 
habit, although this is indicated by the position of the leaflets in one 
specimen, and the leaflets agree closely with those of this species. 

The species, compared with the other species of this genus, is rather 
poorly marked and appears to represent a variant of Sapindopsis variabilis 
with which it is generally associated, although this is not the case in the 
Lower Blairmore. It is the only dicotyledon definitely recognized in the 
Lower Blairmore and is of considerable significance in determining the age 
of that horizon. It does not occur in the Upper Blairmore although the 
allied Sapindopsis magnifolia is found at that horizon. 

Sapindopsis brevifolia was originally described from material from 
the Patapsco formation, the uppermost member of the Potomac Group in 
Maryland and Virginia. It is also present in the Cheyenne sandstone of 
southern Kansas. The first horizon is late Lower, and the second early 
Upper, Cretaceous in age, that is Albian and Cenomanian in terms of 
European Cretaceous chronology. 

The Lower Blairmore occurrences include the original and counter- 
part of a single fragment from locality DB1, a single leaflet and the original 
and counterpart of two partly superimposed leaflets from locality DF1. 
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THE UPPER BLAIRMORE FLORA 


By Edward W. Berry, Johns Hopkins University 


Illustrations 


Plates IX-X. Illustrations of fossils 


Page 
125, 127 


The fossil plants that I have been able to identify in the upper part of 
the Blairmore formation, arranged by localities, are as follows: 

Locality CSS 

Asplenium dicksonianum Heer 
A throlaxopsis or Widdringtonites sp. 

Cladophlebis sp. 

Sapindopsis belviderensis Berry (?) 

Locality CS4 

Asplenium dicksonianum Heer 
Ficus ovatifolia Berry (?) 

Paliurus ovalis Dawson (?) 

Podozamites stenopus Lesquereux 
Pseudocycas unjiga (Dawson) Berry 
Sapindopsis magnifolia Fontaine 

Locality CSS 

Cladophlebis albertsii (of Heer) 

Ficus ovatifolia Berry (?) 

Geinitzia jenneyi Ward (?) 

Pinus susguaensis Dawson 
Podozamites lalipennis Heer 
Pseudocycas unjiga (Dawson) Berry 

Locality CH9 

Asplenium dicksonianum Heer 
Daphnophyllum dakotense Lesquereux 
Ficus ovatifolia Berry (?) 

Magnolia altemans Heer (?) 

Menispermites reniformis DawBon (?) 

Popidus berggreni Heer (?) 

Sequoia condita Lesquereux (?) 

Locality DA5 

Magnolia altemans Heer (?) 

Menispermites reniformis Dawson (?) 

Pinus susguaensis Dawson 
Pseudocycas unjiga (Dawson) Berry 
Sassafras mudgii Lesquereux (?) 

Locality DA6 

Asplenium dicksonianum Heer 
Cladophlebis albertsii (of Heer) 

Pinus susguaensis Dawson 
Podozamites latipennis Heer (?) 


As will be seen from the foregoing lists, the flora that can be identified 
in the present collections from the upper part of the Blairmore formation is 
neither extensive nor varied, nor is the preservation especially good, the 
material being fragmentary as well as poorly preserved. Although dico- 
tyledonous leaves appear as a prominent element in the flora of the nine 
species recorded only two are positively identified. In all eighteen species 
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are named and these comprise: 3 ferns, 3 eycadophytes, 3 coniferophytes, 
and 9 dicotyledons. 

One of the most abundant and characteristic fossils in the Upper 
Blairmore is Pseudocycas unjiga , first recorded by Dawson from the Dun- 
vegan sandstone and also represented in the supposed Dakota sandstone 
of the United States. There can be no question regarding the identity of 
this species, but it is not an especially good guide fossil in the field since 
it is liable to be confused with the superficially similar Dioonites buchianus 
abietinus which occurs in the Lower Blairmore and Lower Cretaceous 
horizons elsewhere. The distinguishing character of the Pseudocycas, 
readily discernible in well-preserved material, is the double midrib of the 
narrow, elongated pinnules. 

In so far as it is known, the Upper Blairmore flora is decidedly distinct 
from that of the Lower Blairmore. This difference rests not only on the 
number and variety of dicotyledonous leaves in the former, but also on 
the fact that none of the ferns, eycadophytes, or conifers of the two horizons 
is certainly identical. 

The age indicated by the plants of the Upper Blairmore is not especi- 
ally clear, because of the somewhat conflicting ranges of some of the forms 
and the uncertainty of their identification both at this horizon and from 
outside localities from which they have been described. Five of the 
Upper Blairmore plants are recorded from the Lower Cretaceous, but in 
all of these cases the species either range into the early Upper Cretaceous, 
or are probably wrongly identified, or present no very characteristic specific 
features. Five occur in the Cheyenne sandstone flora of southern Kansas 
recently monographed by the present writer 1 , and although the known 
flora of the Cheyenne sandstone shows a single ecological dry soil assemb- 
lage such as would not be expected to occur in Alberta, I am disposed to 
consider the Upper Blairmore flora as of approximately the same age as 
that of the Cheyenne sandstone. The latter belongs to the Upper or 
Washita division of the Comanche series and has, until recently, been 
considered to represent the late Lower Cretaceous by American palseozo- 
ologists, although the writer has called attention to its Upper Cretaceous 
age upon several occasions. 

Five of the Upper Blairmore plants are recorded from the Dakota 
sandstone. With only a single exception these are all either doubtfully 
determined, or there is doubt whether the type came from the true Dakota 
sandstone or from the underlying Mentor beds of Kansas, which latter are 
the same age as the Cheyenne sandstone. Moreover, these four species 
are not recorded from horizons in the United States synchronous with the 
true Dakota, which is the case with a large proportion of the true Dakota 
species. Nor are any of the more characteristic Dakota sandstone plants 
present in the Upper Blairmore. The exception mentioned above is 
Pseudocycas unjiga whose occurrence in the Dunvegan sandstone stamps 
it as an undoubted member of the true Dakota flora. 

The following list shows the range of the Upper Blairmore plants, and 
it will be noted that the evidence regarding age is more or less confusing 
and conflicting, which is just what might be expected where there is no 
time break between the sediments of the late Lower and the early Upper 


* Berry, E. W.: U.S. Geol. Surv., Prof. Paper 129, pp. 199-225, Pis. 46-61 (1922). 
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Cretaceous, which appears to be the exact situation in the Blairmore 
formation of Alberta. I regard the Upper Blairmore flora as unquestion- 
ably of Upper Cretaceous age, but somewhat older than the true Dakota 
sandstone. Perhaps this conclusion may be better understood in terms 
of the standard European section, according to which standard the upper 
part of the Blairmore formation would be Cenomanian in age, as is also 
the Cheyenne sandstone of southern Kansas, and the true Dakota would 
be Turonian in age and represent the transgressing littoral of the Benton 
sea. 


Table of Distribution 

Fteridophyta 

Asplenium dicksonianwn Heer Lower to tipper Cretaceous, characteristic 

of late Lower and early Upper Cre- 
taceous 

Cladophlebis cdbertsii (Heer) Atane beds of Greenland (not older 

records) 

Cycadophyta 

Pseudocycas unjiga (Dawson) Dunvegan and Dakota sandstones 

Podozamites latipennis Heer Atane beds of Greenland. Recorded from 

the Kootenay 

Podozamites stenopus Lesquereux Dakota sandstone 

Coniferophyta 

Geinitzia jenneyi Ward (?) Fuson formation of the Black Hills 

Sequoia condita Lesquereux (?) Cheyenne sandstone of Kansas 

Pinus susqicaensis Dawson Kootenay, Lakota, and Fuson formations 

Angiospermophyta 

Populus cf . berggreni Heer Atane beds of Greenland 

Ficus ovatifolia Berry (?) Raritan formation and later 

Magnolia altemans Heer (?) Atane., Raritan, and Dakota formations 

Menispemiites reniformis Dawson (?) Coal Creek, British Columbia 

Daphnophyllum dakotense Lesquereux Dakota sandstone (?) 

Sassafras mudgii Lesquereux (?) Cheyenne sandstone (doubtful in the 

Dakota) 

Paliurus ovalis Dawson (?).., Raritan, Mill Creek, British Columbia 

Sapindopsis magnifolia Fontaine Patapsco, Cheyenne, Dakota formations 

Sapindopsis belviderensis Berry (?) Cheyenne sandstone 


Pteridophyta 

Genus, asplenium Linnaeus 
Asplenium dicksonianum Heer 

Asplenium dicksonianum Heer, Flora Fossilis Arctica, vol. 3, ab. 2, p. 31, 
PL 1, figs. 1-5 (1874); Idem., vol. 6, ab. 2, pp. 3, 33, Pl. 2, fig. 2; 
Pl. 32, figs. 1-8 (1882). 

Dawson, Trans. Boy. Soe., Canada, vol. 1, sec. 4, p. 11 (1883); Idem., 
vol. 3, sec. 4, p. 5, Pl. 3, fig. 1 (1885); Geol. Surv., Canada, Ann. 
Rept., N.S., vol. 1, p. 76 (1886) ; Idem., vol. 10, sec. 4, p. 91 (1892). 
Lesquereux, FL Dakota Group, p. 24, Pl. 1, fig. 1 (1892). 

Newberry, Flora of Amboy Clays, p. 39, Pl. 1, figs. 6, 7; PL 2, figs. 1-8; 
PL 3, fig. 3 (1896). 

Ward, 19th Ann. Rept. U.S. Geol. Surv., pt. 2, p. 704, fig. 1 (1899). 
Fontaine, in Ward, Idem., p. 664, PL 162, figs. 6-8 (not Fontaine) 1888. 
Berry, U.S. Geol. Surv., Prof. Paper 129, p. 207 (1922). 
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This species, for which a few of the many records are cited above, was 
described by Heer in 1874 from the Kome beds (Lower Cretaceous) of 
Greenland, and he subsequently identified it from the Atane beds (Upper 
Cretaceous) of the same region. Dawson reported it from a number of 
localities referred to the Kootenay, but these records are questionable and 
probably represent the fern genus Onychiopsis. Fontaine and Ward 
subsequently reported it from the Lower Cretaceous of the Black Hills, and 
Lesquereux and Newberry had recorded it from the Dakota and Raritan 
formations. It is also present in the Tuscaloosa formation and the Cheyenne 
sandstone. 

The question whether all of the records represent a single botanical 
species has never been settled and seems doubtful. In fact it may be 
pointed out that the generic reference to Asplenium has only slight basis, 
the earlier forms suggesting, as mentioned above, the genus Onychiopsis, 
and the later forms suggesting the genus Anemia. Asplenium dicksonianum 
is very similar and perhaps identical with another fern of uncertain generic 
relations described as Dicksonia groenlandica Heer and occurring in the 
Upper Cretaceous of Greenland, and in the Raritan formation of New 
Jersey and the Tuscaloosa formation of Alabama. 

It is present in a fragmentary condition at the following Upper Blair- 
more localities: CS3, CS4, CH9, and DA6. 


Genus, cladophlebis Brongniart 

Pteris albertsii Heer, Flora Fossilis Arctica, vol. 6, ab. 2, p. 29, PI. 16, figs. 

5, 6; PL 28, figs. 1-3; PI. 46, figs. 22-24 (not Cladophlebis alberisvi of 

European students). 

Several very poorly preserved fragments from the Upper Blairmore 
appear to be identical with this form described by Heer from the Atane 
beds of western Greenland. Heer considered it to be the same as a species 
described by Dunker from the European Wealden, but this does not seem 
to be the case. The latter is not uncommon in the Wealden of Europe, 
but is known from the western hemisphere in only the older Potomac of 
the Atlantic Coastal Plain 1 . 

Aside from the great difference in age, there are minor features sug- 
gesting that the earlier and later occurrences represent distinct species, but 
the question can be definitely settled only by the collection of more 
abundant and better preserved material. 

The Upper Blairmore occurrences are localities CSS and DA6. 


Cladophlebis sp. 

An undeterminable species of Cladophlebis is represented in the 
collection from locality CS3. 


1 For an account of this species See Berry, E. W.: Lower Cretaceous; Md. Geol. Surv., p. 252, PI. 32, figs. 3, 4 
(1911). 
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Cycadophyta 

Genus, pseudocycas Nathorst 
Pseudocycas unjiga (Dawson) Berry 

Cycadites unjiga Dawson, Trans. Roy. Soc., Canada, vol. 1, sec. 4, p. 20, 
PI. 1, figs. 2, 2a (1882), (?) Penhallow, Idem., 3d ser., vol. 1, sec. 4, 

p. 308 (1907). 

Cycadites pungens Lesquereux, Flora Dakota Group, p. 30, PI. 2, fig. 6 
(1892). 

Pseudocycas unjiga Berry, Am, Jour. Sei., vol. 2, p. 184, figs. 1-3 (1921). 

This interesting species is the commonest form in the Upper Blairmore. 
It was described from the Dunvegan sandstone of British Columbia, and 
to it should be referred the Dakota sandstone form which Lesquereux 
described as Cycadites pungens, as the latter is identical with the type. 
There is an unsettled question as to whether Pseudocycas unjiga may not 
be identical with the Greenland type of the genus. It is at any rate very 
close to the Greenland form. Penhallow recorded this species from the 
Lower Cretaceous along the International Boundary and I have queried 
this citation since Penhallow' s material probably represented Dioonites 
buchianus abietinus which is superficially like Pseudocycas unjiga and which 
occurs in the Lower Blairmore as well as elsewhere in the Lower Cretaceous. 

This species, if well preserved, is a diagnostic form of the Upper 
Blairmore, its chief distinguishing feature being the double midrib of the 
pinnules with the stomata confined to the band or groove between the 
two. Unfortunately for stratigraphic purposes its general proportions 
are much like the Dioonites mentioned in the preceding paragraph, and 
unless the preservation is good or the material is examined very critically, 
the thick midrib of the pinnules of the latter does not look different from 
the double midrib of the Pseudocycas. 

Genus, podozamites F. Braun 
Podozamites latipennis Heer 

Podozamites latipennis Heer, Flora Fossilis Arctica, vol. 6, ab. 2, p. 42, PL 
14, figs. 1-9; PI. 15, figs. 2a-3b (1884). 

Yelenovsky, Gym. bohm. Kreidef., p. 10, PI. 2, fig. 6 (1885). 

Bayer, Sitz. k. bohm. Gesell. Wiss., 1899, No. 26, p. 26, PL 2, fig. 3 
(1900). 

Fric and Bayer, Archiv. Naturw. Landes. Bohm., Bd. 11, No. 2, p. 90, 
fig. 40 (1901). 

The type locality for this species was the Atane beds of western 
Greenland. It has been recorded from the Cenomanian of Bohemia, and 
doubtfully from the Kootenay of Montana. 1 The species has little about 
it of really specific value and it is of only slight stratigraphic significance, 
since it is scarcely to be distinguished from what has been called Podozamites 
marginatus Heer 2 , Podozamites tenuinervis Heer 3 , and Podozamites knowltoni 
Berry. 4 

1 Weed, W. H.: Geol. Soc, Am., Bull., vol. 3, p. 323 (1892). 

2 Heer, O.: Flora Fossilis Arctica, vol. 6, ab. 2, p. 43, PI. 16, fig. 10 (1882). 

* Heer, O.: Idea , p. 44, PI 16, fig. 9. 

* Berry, E. W.: U.S. Geol. Surv., Prof. Paper 84, p. 16, PI. 4, fig. 6 (1914). 
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Podozamites stenopus Lesquereux 
Plate X, figure 3 

Podozamites stenopus Lesquereux, Flora Dakota Group, p. 27, PL 1, fig. 7 
(1892). 

A single specimen from locality CS4 appears to be identical with the 
type material of this species from the Dakota sandstone of Kansas. The 
exact locality where the latter was collected is unknown, and it may have 
come from the older Mentor formation, which was not differentiated from 
the Dakota in Lesquereux’ s time. The question is not especially important 
in this connexion since detached pinnules of Podozamites are at best of 
slight stratigraphic value, since they are not only variable, but lack good 
diagnostic characters. 


Coniferophyta 

Genus, geinitzia Endlicher 
Geinitzia jenneyi Ward (?) 

Geinitzia jenneyi Ward, 19th Ann, Kept. U.S. Geol. Surv., pt. 2, p. 676, 

PL 166, figs, 5-11; PL 167 (1899). 

This species was described from the Fuson formation of Wyoming, 
and was based on material representing branches. These were minutely 
described by the author of the species and showed enlarged rhombic 
bolsters or leaf bases preserved in the form of casts. Whatever their botan- 
ical nature, and they are clearly referable to the Conifers but not certainly 
related to the genus Geinitzia, they seem to be the same as obscure casts of 
rather large branches from locality CS5 in the Upper Blairmore. 

Genus, sequoia Endlicher 
Sequoia condita Lesquereux (?) 

Sequoia condita Lesquereux, U.B. Geol. and Geog. Surv., Terr. Bull., vol. 1, 
p. 391 (1875); Idem., Ann. Kept., 1874, p. 355, Pl. 4, figs. 5-7 
(1876); Cret. and Tert. Floras, p. 32, PL 1, figs. 5-7 (1883). 

Berry, U.S. Geol. Surv., Prof. Paper 129, p. 209, PL 48, figs. 1-11 
(1922). 

This species is very fully discussed in my paper cited above. To it I 
refer, provisionally, certain fragments of coniferous twigs from the Upper 
Blairmore that agree with it perfectly. In the absence of cones, none of 
which] has been detected in the Upper Blairmore, it is entirely impossible 
to distinguish Sequoia condita from various other nominal species that 
have been referred to Glyptostrobus, Widdringtonites, Sphenolepis, etc., 
and I have, therefore, queried its identification in the Upper Blairmore. 
The species is characteristic of, and so far as is known is otherwise confined 
to, the Cheyenne sandstone of southern Kansas, where it is abundant and 
cone bearing. 

The Alberta occurrence is locality CH9. 


61 


Genus, fintjs Linnaeus 
Finns susquaensis Dawson 

Pinus susquaensis Dawson, Trans. Roy. Soc., Canada, vol. 1, sec. 4, p. 23, 
PI. 3, fig. 36 (1882). 

Fontaine, in Ward, 19th Ann. Rept. U.S. Geol. Surv., pt. 2, p. 670, 
PL 163, figs. 11a, 12, 13 (1899). 

Under the above name Sir William Dawson described elongated, 
narrow, univeined leaves from several localities in the supposed Kootenay 
of British Columbia. Similar remains were subsequently described and 
figured by Fontaine from both the Lakota and Fuson formations of eastern 
Wyoming. Identical remains are not uncommon in the Upper Blairmore. 
They are always broken and are not certainly referable to the genus Pinus. 
Whatever their nature they appear to be the same objects as those described 
by Dawson and Fontaine. They are not very satisfactory stratigraphic 
items as they are readily confused with small specimens of Oleandra, 
fragments of Czekanowskia, slender stipes of ferns, etc. 

Localities CS5, DA5, and DA6. 

Angiospermophyta 

Genus, populus Linnaeus (?) 

Populus cf. berggreni Heer 
Plate X, figure 6 

Populus berggreni Heer, Flora Fossilis Arctica, vol. 3, ab. 2, p. 106, PL 29, 
figs. 1-5 (1874); Idem., vol. 6, ab. 2, p. 63, Pl. 17, fig. 8a; Pl. 18, 
figs. 1-4, 9a, 10a; Pl. 19, fig. la; Pl. 40, fig. 7a; Pl. 41, fig. 1; Pl. 
45, fig. 12 (1882), 

Lesquereux, Flora Dakota Group, p. 42, PL 8, figs. 2-4 (1892). 

A single, not very well preserved, leaf from locality CH9 may represent 
this species. It is common in the Atane beds of western Greenland and 
has been recorded from the Dakota sandstone of the United States. It is 
not certainly related to the genus Populus. 

Genus, ficus Linnaeus 
Ficus ovatifolia Berry (?) 

Plate IX, figures 1-5 

Ficus ovata Newberry, FI. Amboy Clays, p. 70, Pl. 24, figs. 1-3 (1896) 
(non Don, 1802). 

Ficus ovatifolia Berry, N.J. Geol. Surv., Bull. 3, p. 123, PL 12, fig. 3 (1911). 

A triveined Ficus, which is the most common dicotyledon in the col- 
lections from the Upper Blairmore, appears to be identical with this Atlantic 
Coastal Plain species, which was originally described from material from 
the Raritan formation of New Jersey. In the Coastal Plain this species 
ranges throughout the earlier half of the Upper Cretaceous, but it has 
never been found in the corresponding beds of the west. I have queried 
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the identification since all of the triveined ovate leaves of Ficus are very 
much alike, and these Upper Blairmore leaves, which are quite variable, 
as may be seen from the accompanying illustrations, are not preserved 
sufficiently well to show the details of venation. 

They occur at localities CS4, CSS, CH9. 


Genus, magnolia Linnaeus 
Magnolia alternans Heer (?) 

Plate X, figure 5 

Magnolia alternans Heer, Phyll. Cret. Nebr., p. 20, Pl. 3, figs. 2-4; PI. 4, 
figs. 1, 2 (1866); Flora Fossilis Arctica, vol. 3, ab. 2, p. 116, PI. 
33, figs. 5, 6; PL 34, fig. 4 (1874); Idem., vol. 6, ab. 2, p. 91; Pl. 
21, fig. 2; Pl. 46, fig. 21 (1882). 

Lesquereux, Cret. Flora, p. 92, Pl. 18, fig. 4 (1874); Flora Dakota 
Group, p. 201, PL 34, fig. 11 (1892). 

Newberry, FL Amboy Clays, p. 73, PL 55, figs. 1, 2, 4, 6 (1896). 
Berry, N. J. Geol. Surv., Bull. 3, p. 130, Pl. 15, fig. 1 (1911). 

A single fragment of a leaf from locality CH9 is referred tentatively to 
this species. The type was from the Dakota sandstone of Nebraska and 
the species was subsequently identified by Heer from the Atane beds of 
western Greenland, It occurs also in the Raritan formation of the Atlantic 
Coastal Plain. 

It is a somewhat variable form and the fragment from the Upper 
Blairmore is typical in so far as comparisons are possible. 


Genus, menisfekmites Lesquereux 
Menispermites reniformis Dawson (?) 

Plate X, figures 1, 2 

Menispermites reniformis Dawson, Trans. Roy. Soc., Canada, vol. 1, sec. 4, 

p. 23, Pl. 4, fig. 12 (1883). 

Two or three fragments of a leaf of a type commonly referred to the 
genus Menispermites are present in the collections from the Upper Blair- 
more and probably represent this species which was very incompletely 
described and inaccurately figured by Sir William Dawson from specimens 
collected at Coal brook, British Columbia. 

They show considerable resemblance to Menispermites borealis Heer 
of the Atane beds of western Greenland and the Raritan formation in New 
Jersey, but in the absence of more complete material their status in the 
Upper Blairmore remains somewhat uncertain. Attention should be 
called to the possibility that these so-called Menispermites may represent 
the family Trochodendraceae. 

Localities CH9 and DA5. 
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Genus, daphnophyllum Heer 
Daphnophyllum dakotense Lesquereux 
Plate X, figure 4 

Daphnophyllum dakotense Lesquereux, Flora Dakota Group, p. 99, PL 51, 
figs, L4; PL 52, fig. 1 (1892). 

I cannot see any differences between this material from the Upper 
Blairmore and the somewhat variable form described under the above 
name by Lesquereux from Ellsworth county, Kansas, and which is sup- 
posed to have come from the Dakota sandstone, although there is some 
uncertainty as to its exact horizon, and it may have come from the older 
Mentor formation of the same region. Its reference to Daphnophyllum 
is by no means established, and in particular it resembles a type of leaf 
frequently referred to the form-genus Andromeda. 

Locality OH9. 


Genus, sassafras Linnaeus 
Sassafras mudgii Lesquereux (?) 

Sassafras mudgii Lesquereux, Am. Jour. Sci., vol. 46, p. 99 (1868); Cret. 

Flora, p. 78, Pl. 14, figs. 3, 4; PL 30, fig. 7 (1874). 

Ward, 19th Ann. Rept. U.S. Geol. Surv., pt. 2, p. 705, Pl. 170, figs. 

4, 5; Pl. 171, fig. 1 (1899). 

Berry, U.S. Geol. Surv., Prof. Paper 129, p. 219, PL 61, fig. 3 (1922). 

Two small trilobate leaves from the Upper Blairmore in all probability 
represent this species. It was originally based upon material from central 
Kansas which was supposed to have come from the Dakota sandstone, but 
which may have come from the older Mentor formation. It has never 
been found elsewhere at the horizon of the true Dakota sandstone except 
for the doubtful record by Ward from the Black Hills in South Dakota, 
cited above, which I have recently determined to be older than true 
Dakota. It is undoubtedly present in the Cheyenne sandstone of 
southern Kansas. 

Locality DA5. 


Genus, paliurus Jussieu (?) 

Paliurus ovalis Dawson (?) 

Plate X, figure 7 

Paliurus ovalis Dawson, Trans. Roy. Soc., Canada, vol. 3, sec. 4, p. 14, 
Pl. 4, figs. 4, 8 (1885). 

Lesquereux, Flora Dakota Group, p. 166, PL 35, fig. 7 (1892). 
Newberry, FI. Amboy Clays, p. 107, PL 23, fig. 8 (1896). 

Rollick, U.S. Geol. Surv., Mon. 50, p. 91, PL 34, fig, 14 (1906). 

As Newberry long ago pointed out there is but slight basis for con- 
sidering these leaves to be related to the Tertiary and existing species of 
Paliurus, nor is the specific identity of the forms cited in the foregoing 
synonymy by any means established. Neither the Dakota sandstone 
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occurrence described by Lesquereux nor the Magothy occurrence described 
by Hollick appears to represent the same species as Dawson’s type material. 
The Raritan occurrence may be identical with the type. The material 
from the Upper Blairmore is limited and poorly preserved. It is tenta- 
tively regarded as the same as the type material which came from Mill 
creek, British Columbia. 

Locality CS4. 

Genus, sapindopsis Fontaine 
Sapindopsis magnifolia Fontaine 
Plate X, figure 8 

Sapindopsis magnifolia Fontaine, Mon. U.S. Geol. Surv., vol. 15, p. 297, 

Pl. 151, figs. 2, 3; Pl. 152, figs. 2, 3; PL 153, fig. 2; PL 154, figs. 

1, 5; PL 155, fig. 6 (1890); in Ward, Mon. U.S, Geol. Surv., vol. 

48, pp. 481, 482, 528 (1906); Berry, Proc. U.S. Nat. Mus., vol. 

38, p. 642 (1910); Md. Geol. Surv. Lower Cretaceous, p. 471, 
PL 86; Pl. 87, fig. 1; PL 88 (1911); U.S. Geol. Surv., Prof. Paper 
129, p. 214, Pl. 55, fig. 5; PL 56; PL 57, fig. 2; PL 59, fig. 3 (1922). 
Aralia dubia Fontaine, Mon. U.S. Geol. Surv., vol. 15, p. 314, PL 157, figs. 
1, 7 (1890). 

Sapindopsis obtusifolia Fontaine, Idem., p. 301, Pl. 156, fig. 13; PL 159, 
figs. 3-6. 

Ficophyllum eucalyptoides Fontaine, Idem., p. 294, PL 164, figs. 1, 2; in 
Ward, Mon. U.S. Geol. Surv., vol. 48, p. 489 (1906). 

Sapindopsis tenuinervis Fontaine, Idem., p. 301, PL 153, fig, 1; in Ward, 
Mon, U.S. Geol. Surv-, vol, 48, pp. 489, 528 (1906). 

Rhus uddendi Lesquereux, Mon. U.S. Geol. Surv., vol. 17 (Flora Dakota 
Group), p. 154, PL 57, fig. 2 (1892). 

Knowlton, in Hill, Am. Jour. Sei., vol. 50, p. 213 (1895). 

An imperfect specimen from locality CS4 shows parts of three leaflets 
of a pinnate leaf that appears to certainly represent this important species. 
I quote a description from complete material : 

“Leaves commonly odd-pinnate, although occasional even pinnate forms occur, of 
considerable size, but somewhat variable, however, in this respect. Leaflets 3 pairs, 
comparatively large, lanceolate, tapering almost equally toward apex and base, the latter 
inequilateral except in terminal leaflets, pointed, often lacking apical portions, length 
increasing proximad, averaging about 10 cm., longest seen 14 cm. (estimated), shortest 5 
cm., width varying from 1*1 cm. to 3*2 cm., inequilateral, since the outer half of the 
lamina is broader than the inner half and is markedly decurrent. This feature is least 
emphasized in the basal leaves which may even have a considerable petiole, but becomes 
increasingly pronounced distad, the terminal leaflets often forming a bilobate or trilobate 
whole with the outer margins broadly decurrent and joining the lamina of the leaflet next 
below at the point of junction of its inner margin with the rachis. Certain specimens show 
all of the leaflets petiolate, a feature largely emphasized in a specimen figured by me from 
Stump Neck, Maryland, in 1911, showing three terminal leaflets with petioles 3 to 4 cm. 
in length. The leaflets in this species are much oftener petiolate and lacking in the winged 
rachis than in S. variabilis, in this particular closely resembling the modem Matayba apetala 
in which the rachial wings are vestigial. Leaf substance thick and leathery, epidermis 
firm and glossy. Leaflets commonly subopposite, often markedly so, forming an acute 
angle with the rachis. Midribs stout and prominent below. Secondaries slender, only 
seen on the under surface of the leaflets and even then made out with difficulty, 8 to 10 

J rnirs, branching from the midrib at a rather wide angle especially in the central part of the 
eaf; the angle is more acute basally, curving upward ultimately to join a short branch of 
the secondary next above. Tertiaries fine, forming lax subrhombic areolae where visible.” 
(Berry, 1922.) 
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This species is common at certain localities in the Patapsco formation, 
the uppermost formation of the Potomac Group in Maryland and Virginia. 
It is also exceedingly common in the Cheyenne sandstone of southern 
Kansas and appears to have survived into the Dakota sandstone where it 
is represented by leaves that have been described under other names. It 
is an important item in fixing the age of the flora found in the Upper 
Blairmore. 


Sapindopsis belviderensis Berry (?) 

Plate IX, figure 6 

Sapindopsis belviderensis Berry, U.S. Geol. Surv., Prof. Paper 129, p. 216. 

Pis. 49-54 (1922). 

The single small fragment figured and its counterpart are unfortunately 
all that represent this species in the Upper Blairmore, and I have, there- 
fore, queried the identification, although I entertain but slight doubt as to 
its correctness. All of the features in so far as they are shown in such 
limited material are those of this species, and I know of nothing else with 
which they might be confused. It is much to be hoped that additional 
material will be collected. 

The type is very abundant in and characteristic of the Cheyenne 
sandstone of southern Kansas, to which, with this exception, it is confined. 
The species is very important in fixing the age of the Upper Blairmore 
within narrow limits. 

Locality CB3. 
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THE ALLISON FLORA 

By Edward W. Berry, Johns Hopkins University 

Page 
129, 131 


Illustrations 

Plates XI-XIL Illustrations of fossils 


The fossil plants from the lower part of the Allison formation from 
east of Crowsnest lake, Blairmore district, western Alberta, comprise 
representatives of about a dozen species, of which it has been possible to 
identify eight with more or less certainty. 

The coarseness of the matrix and more specially the deformation of 
the beds have either not preserved or have partly obliterated certain 
essential features of the contained plants, thus causing some of the identi- 
fications to be less certain than is desirable. 

It has been possible to correlate all of the named plants from the 
Allison formation with previously described species from other areas except 
the large and, in some ways remarkable, new species of Zamites. 

The flora of this part of the Upper Cretaceous is very imperfectly 
known either in North America or Europe. This is due in part to the 
prevailingly marine character of many of the outcrops, in part to lack of 
collections, and to the fragmentary nature of many of the fossils collected. 

In western Canada a considerable flora has been described from the 
Upper Cretaceous rocks of Vancouver island, by Dawson, This has 
nothing in common with the plants from the Allison formation, which 
appear to represent an earlier horizon. The same author described a small 
flora from the Belly River formation, but this also appears to have nothing 
in common with the Allison flora, possibly because of the incomplete char- 
acter of both. 

In the United States small florules have been recorded from the Eagle 
sandstone and Judith River formations of Montana, from the Trinidad 
sandstone of Colorado and New Mexico, from the Kirtland formation of 
New Mexico, the Adaville formation of Wyoming, and the Fox Hills 
formation of Colorado; and somewhat more extensive floras are known 
from the Mesa verde formation of Wyoming and the Vermejo formation of 
Colorado and New Mexico. 

All of these are referred to the Montana group and although they are 
too incomplete to furnish. a precise chronology of Upper Cretaceous palseo- 
botany, they are much more representative than the few plants known from 
the Colorado group and represented by those recorded from the Frontier 
formation of Wyoming and the Mill Creek formation of British Columbia. 

Regarding the bearing of the present flora on the age of the Allison 
formation it may be said that the smallness of the collection and the 
incomplete state of our knowledge of the floras from comparable horizons, 
emphasized in a foregoing paragraph, render it impossible to draw precise 
conclusions. 

The Allison flora is clearly younger than the known floras mentioned 
above from the Colorado group, and it is just as conclusively older than 
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the rather extensive flora of the Laramie formation. It is hence con- 
clusively shown to belong to the Montana group, but its position in this 
group is not so clear. Four of the forms are common to the Vermejo 
formation, three to the Mesaverde, one to the Judith River, and one to 
the Fruitland. This tends to indicate that its palaeobotanical relations 
are with the older rather than with the younger formations of the Montana 
group, and I can see nothing in the floral evidence which would in any 
way conflict with the prevalent opinion that the Allison formation is more 
or less equivalent with the Eagle sandstone of Montana. It is true that 
the two have no species in common unless the abundant Platan us of the 
Allison is the same as what Knowlton has called Platanus ? wardii from 
the Eagle, but the Eagle has only yielded 7 species and as 6 of these are 
dicotyledons they do not lend themselves to comparison with the prevail- 
ingly nondicotyledonous plants identified from the Allison. These are 
more nearly evaluated by their occurrence in other Montana formations 
of the Western Interior region of North America, and by their range in 
the Upper Cretaceous formations of the Atlantic Coastal Plain, 

A consideration of this last question shows that although Sequoia 
heterophylla , Brachyphyllum macrocarpum , and Geinitzia formosa all occur in 
Coastal Plain formations of Montana age, they all occur in slightly older 
formations of the Coastal Plain, such as the Raritan formation of New 
Jersey or the Tuscaloosa formation of Alabama, and this tends to confirm 
the conclusion, already expressed, that the Allison formation belongs in 
the earlier half of Montana time. 

Pteridophyta 

Asplenium (?) coloradense Knowlton 

Asplenium magnum Hollick (not Knowlton), Torreya, vol. 2, p. 146, PI. 

IV, figs. 1, 2 (1902). 

Asplenium (?) coloradense Knowlton, U.S. Geol. Surv., Prof. Paper 101, 

p. 245, PI. 30, figs. 1, 2 (1917). 

A single distal portion of a pinna and its counterpart (loc. 7759) 
almost certainly represent this species of the Vermejo formation of Colo- 
rado, admirable specimens of which have been figured by Hollick. The 
species has been rather fully described by Knowlton and the specimens 
from the Allison formation add nothing to our knowledge of this form 
except the tendency of the pinnules to develop somewhat remote and 
scarcely perceptible serrations. 

Fern , undeterminable 

Two small fragments of an undeterminable fern were collected at 
locality 7764. They represent a type with narrowly divided pinnules 
such as have been referred in the past to such genera as Sphenopteris, 
Jeanpaulia, Thyrsopteris, etc. 

The present material is too incomplete to permit of comparisons 
with any of the nominal fossil species in the literature, although they are 
not unlike certain fossil forms that have been referred to the probably 
composite species Asplenium dicksonianum Heer. 1 


1 Heer, O.: FI. Foss. Arct., vol. 3, ab. 2, p. 31, PI. 1, figs. 1-^5 (1874), 
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Cycadophyta 

Zamites albertensis Berry n.sp. 

Plate XI, figures 1, 2 

Pinnules common, invariably detached from the rachis and usually 
more or less broken, ovate-lanceolate and falcate in outline, widest below 
the middle, tapering upward to the gradually narrowed inequilateral acute 
tip. Base broadly rounded. Texture coriaceous. Veins all alike and 
longitudinal, as far as observed simple and parallel, more or less immersed 
in the leaf substance, about 0*5 mms. apart. The material is carbonized, 
much compressed, and somewhat distorted and the complete venation is 
preserved only in the median and distal regions, so that it cannot be deter- 
mined if there was forking in the basal region, although this seems probable. 
No cuticular features can be made out. All of the pinnules seen are large, 
although there is some variation in width. Length between 17 and 20 
cms. Maximum width 3*6 cms. or sometimes as little as 3 cms. Veins 
identical throughout and hence 30 to 35 in number. 

This striking and rather interesting form is represented by numerous 
specimens. Associated with it on the same slabs are twigs of Geinitzia 
formosa and fragments of dicotyledonous leaves. I mention this to dispel 
any doubt that might arise regarding the horizon from which the specimens 
came, since such large cycadophyte pinnules are known from only con- 
siderably older Mesozoic horizons and material comparable in size to this 
Allison species is to be found chiefly in the Triassic rather than in the 
Cretaceous. In fact, except for a somewhat uncertain form from the 
Dakota sandstone and another from the Senonian (?) of Alaska, all of the 
North American records of Zamites are not younger than Lower Creta- 
ceous, although the genus is recorded from both the Cenomanian and 
Turonian of Europe, and there is no reason why the older Cretaceous forms 
should not form a continuous series with the similar remains that occur 
sparingly in the Tertiary of different parts of the world. 

The question of the identification and botanical relationships of 
Cycadophyte fronds and pinnules is a puzzling one, but I can see no reason 
for questioning the reference of the Allison material to the genus Zamites. 
Their inequilateral form points with what amounts almost to certainty 
to their pinnule character rather than to their representing some broad- 
leafed conifer like Dammara or some unknown type of monocotyledon with 
coriaceous leaves. 

The only forms of comparable size from beds anywhere near the age 
of the Allison formation are those described by Lesquereux from the 
Dakota sandstone under the name of Dammarites 1 , and these are not only 
less elongated, but relatively wider, more sparsely veined, more nearly 
equilateral, anti narrowed to the base. 

Another form that is possibly comparable, although it seems clearly 
to represent a totally different type of plant, is the leaves from the Ceno- 
manian of Bohemia referred by Velenovsky 2 to the genus Krannera, and 
of uncertain botanical affinity. 


1 Lesquereux, L.: Mon. U.S. Geel. Surv., vol. 17, p. 32, Pl. 1, figs. 9-11 (1892). 

1 Velenovsky, J.: Die Gymnoapermen der Bfihmiaehen Kreideformation, p. 1, PI. 1, figs. 1-7 (1885). 
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Coniferophyta 

Geiniizia formosa Heer 

Geinitzia formosa Heer, Neue Denks. Schweiz. Gesell., Bd. 24, p. 6, PL 1, 
fig. 9; PL 2 (1871). 

Knowlton, U.S. Geol. Surv., Bull. No. 163, p. 28, Pl. 5, figs. 1, 2 
(1900); Idem,, Prof. Paper 98, p. 333, Pl. 85, fig. 3 (1916); Idem., 
101, p. 251, PL 31, figs. 1-3 (1918). 

In the absence of cones it is not possible to differentiate this species 
with absolute certainty from the widespread and polymorphous species 
Sequoia reiehenbachi (Geinitz) Heer, which has been referred to the genus 
Geinitzia by Hollick and Jeffrey, on not very satisfactory evidence. 

In general the former has more slender and more incurved leaves which 
are interspersed with scale leaves. The well known variability and con- 
vergence in coniferous foliage renders the problem of determining sterile 
shoots well nigh impossible and many students of fossil plants advocate 
the use of some such noncommittal form genus as Elatocladus for such 
remains. In the present case where the interest is mainly stratigraphic 
rather than botanical, I have not considered it proper to make such changes 
in names, which are on the whole, reactionary and obseurantic, rather than 
progressive. 

What agrees precisely with Geiniizia formosa is represented by 5 
specimens of sterile twigs in the Allison formation. The species, probably 
sometimes confused with Sequoia reiehenbachi , as suggested above, is widely 
distributed in the Upper Cretaceous of both America and Europe and 
probably in Greenland as well. 

In the United States it is recorded from the Raritan, Tuscaloosa, and 
Magothy formations of the Atlantic Coastal Plain. In the Western Interior 
it is recorded from the Montana group in Montana, from the Mesaverde 
formation of Colorado and Wyoming, from the Fruitland formation of 
New Mexico, and from the Vermejo formation of Colorado. 


Brackyphyllum macrocarpum Newberry 

. Brackyphyllum macrocarpum Newberry, U.S. Geol. Surv,, Mon. vol. 26, p. 

51, PL 7, figs. 1-7 (1896) 1 . 

A single specimen from loc. 7758 shows about 7 cms. of a branch 
with, the opposite club-shaped twigs of this species. The specimen has been 
compressed and most of the details obliterated, but there can be no doubt 
but that it represents this species. The species ranges from near the base 
to near the top of the Upper Cretaceous and has been recorded from a 
large number of localities in North America. It is especially common in 
the Atlantic Coastal Plain in the Raritan, Tuscaloosa, Magothy, Black 
Creek, and Eutaw formations. In the Western Interior it has been recorded 
from the Dakota sandstone and from the Mesaverde formation of Wyoming 
and the Vermejo formation of Colorado and New Mexico. 


1 A full synonymy of this species will be found in Berry, E. W.: U.S. Geol. Surv., Prof. Paper 112, p. 59 (1919). 
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Sequoia heterophylla Velenovsky (?) 

Sequoia heterophylla Velenovsky, Gymnos. Bohrn. Kreidef. p. 22, PI. 12, 
fig. 12; PL 13, figs. 2-4. 6-9 (1885). 

Newberry, Mon. U.S. GeoL Surv., vol. 26, p. 49, PI. 6, figs. 1-13 (1896). 

Knowlton, Bull. U.S. GeoL Surv., No. 257, p. 132, Pl. 16, fig. 5 (1905). 

Berry, Md. GeoL Surv., Upper Cretaceous, p. 785, Pl. 53, fig. 2; PL 
54, fig. 7 (1916). 

This identification is queried because it is based on a single specimen 
of a distal part of a twig, although there is slight ground for doubting 
that it is not the same as the other occurrences on this continent that have 
been referred to this species. 

It was based, in the first instance, on material from the Cenomanian 
and Emscherian of Bohemia, and its distinguishing characteristic, as there 
defined, is its heterophylly, the proximal leaves being reduced and appressed 
and the distal leaves longer, spreading, and distichous, much like those of 
the widespread Tertiary Taxodium langsdorfii Heer. In the western 
hemisphere Sequoia heterophylla is not uncommon in the Atlantic Coastal 
Plain from the Raritan formation to the Black Creek and Bingen formations. 
It occurs in the Patoot beds of western Greenland, in the Judith River 
beds of Montana, and in the Mesaverde formation of Wyoming. 

Taxodium (?) sp. Knowlton 

Taxodium (?) sp. Knowlton, U.S. GeoL Surv., Prof. Paper 101, p. 252, 
Pl. 32, figs. 1, 2 (1918). 

Two fragments of a twig and a somewhat larger but poorly preserved 
specimen are all the material representing this form in the collection. 
They cannot be distinguished from the rather obscure remains from the 
Vermejo formation which Knowlton referred tentatively to the genus 
Taxodium. They indicate a conifer with a distichous habit and with 
relatively large, flat, lanceolate-falcate, alternate leaves, narrowed prox- 
imad to a short petiole which is decurrent. The midveins are very poorly 
defined and appear to have been immersed in the rather coriaceous leaves. 

The leaves are relatively large and thick for Taxodium, which is also 
not certainly known from rocks older than the Tertiary. It differs from 
the type of a conifer generally referred to the genus Sequoia, and the 
material is too incomplete and poorly preserved to admit of a more precise 
determination. It would have been better to have referred it to some such 
noncommital form genus as Elatocladus, but since the remains* from the 
Allison formation cannot be distinguished from those described by Knowlton 
from the Vermejo formation of New Mexico, I can see no advantage in 
changing the name from Taxodium (?) to Elatocladus, 

Angiospermophyta 

Platanus sp. 

Plate XII 

There are a large number of specimens of the central part of a large 
leaf which is distinctly platan oid in venation, as well as in the general 
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form in so far as it can be surmised in the absence of the distal margins and 
tips. It is obviously unwise to attempt to characterize this species, which 
is quite probably new, and I have contented myself with presenting a 
composite drawing of the features preserved, made from two or three of 
the more complete specimens, and on this drawing I have suggested the 
possible complete outline, based on complete material of what appears to 
have been similar species. 

A great many fossil species of Platanus ranging in age from the Mid- 
Cretaceous to the Pleistocene, have been described. The genus appears 
rather suddenly in the continental and littoral deposits of the initial trans- 
gression of the Upper Cretaceous sea in both this country and Europe. 
Thus there are at least 11 good species in the Dakota sandstone and 5 
additional equivalents in the Atlantic Coastal Plain and Greenland, and 
there are a larger number of contemporaneous European forms. 

With the prevalence of predominately marine sedimentation in the 
post-Dakota Upper Cretaceous there is a great shrinkage, not only in the 
representation of Platanus, but of all terrestrial plants. In this country 
there is only one Platanus in the Eagle sandstone, another in the Vermejo 
formation of Colorado, another in the Laramie, and two in the Ripley 
formation of the Atlantic Coastal Plain. 

In Knowlton’s account of the fossil plants of the Boseman coal field 
in Montana, usually referred to the Montana group, the two species 
Platanus guillelmae Goeppert and Platanus aceroides Goeppert are recorded 1 , 
but neither is described or figured. The material was not complete and 
the two may represent a single botanical species, doubtless distinct from 
the European late Tertiary form with which it was identified. 

In the lignitic deposits near the boundary between the Upper Cre- 
taceous and the Eocene, which are usually considered by palseo botanists 
as of basal Eocene age, Platanus again becomes exceedingly abundant in 
the record with upwards of a score of described species not only in the 
United States and Canada but also in Greenland and Alaska. 

After comparing the Platanus from the Allison formation with all of 
the fossil species of that genus known to me it appears to be most similar 
to Platanus latior (Lesquereux) Knowlton, a Dakota-Tuscaloosa species, 
and to various forms that have been identified with the European Platanus 
aceroides Goeppert. I am inclined to think that it is a new species, and 
probably identical with that referred to above from the Livingston forma- 
tion of Montana. Dawson 2 referred incidentally to a Platanus like Platanus 
nobilis Newberry in the Belly River beds at Medicine Hat. This is quite 
likely to be the same as the Allison formation species, if any reliance can 
be placed on Dawson’s comparison, since fragments of the former would 
greatly resemble the latter. 


Viburnum sp. 

Leaves of variable but relatively large size, in which the tip and 
margins are wanting. Outline ovate, widest below middle. Apex nar- 
rowed and presumably acute. Base decurrent. Tertiaries are percurrent. 


1 Knowlton, F. H.: Bull. TJ.S Geol. Surv,, No. 105, p. 53 (1893). 

* Dawson, J. W.: Trans. Boy. Soc., Canada, vol. 3, see. 4, p. 16 (1885). 
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There is a rather stoat petiole and stout midvein giving off numerous 
ascending nearly straight parallel secondaries at acute angles. These 
are craspedodrome and give off distad one or more craspedodrome branches. 
The basal secondaries are subopposite and give off at acute angles 4 or 5 
subparallel, straight, craspedodrome laterals. 

Poorly preserved specimens of this species are common in the Allison 
formation. They show the general features of the genus Viburnum, a 
genus not uncommon in the later Upper Cretaceous and Tertiary, but are 
not precisely like any described forms and probably represent a new species, 
which must await the collection of more complete material for accurate 
identification and description. Among previously described fossil forms 
it is not unlike what Knowlton has called Phyllites walseriburgensis from 
the Vermejo formation of southeastern Colorado. 1 


Undeterminable Plant 

A single specimen from locality 7750 shows a cast of a straight, stout 
axis about 6 cms. long and about 7 mms. in diameter. This gives off two 
pairs of opposite branches at intervals of about 1 * 5 cms. The branches 
are round, about 5 mms. in diameter, and curve upward. 

The specimen is a cast without any trace of carbonaceous residue, and 
is of a type that the older students of fossil plants frequently described and 
referred to some nominal genus of fucoids. The nature of the material is 
entirely problematical. 


1 Knowlton j F. H.: U.S. Geol. Surv., Prof. Paper 101, p. 282, PI. 51 (1918). 
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CRETACEOUS INVERTEBRATES 


By F. H . McLearn , Geological Survey , Canada 


Illustrations 

Plates XII1-XIX. Illustrations of fossils 


Page 

133-145 


As the succession and correlation of the Cretaceous faunas are con- 
sidered in the succeeding section, there only remains the description of 
new species. Dr. T. W. Stanton has given most helpful advice, particu- 
larly in the interpretation of the Blairmore and Lower Allison pelecypods. 
Dr. J. B. Reesidfc, jun., has aided in the study of Scaphites. 


BLAIRMORE SPECIES 
Unio natosini n.sp. 

Plate XIII, figures 7-9 

Shell rather small, moderately convex, longer than high, and appar- 
ently a little higher at the posterior end than at the anterior. Rounded, 
postumbonal slope. Broadly concave between postumbonal slope and 
dorsal margin. Umbones not very prominent and near the anterior end. 
Dorsal margin imperfectly preserved, apparently somewhat shorter than 
the ventral margin. Anterior margin rounded. Posterior margin appar- 
ently sub truncate above. 

The ornament can be better illustrated than described. It consists 
principally of curving lines of tubercles, although in places there are curving 
costae bearing tubercles. On the umbo the tubercles are arranged in 
V-shaped rows, but ventrally the apex of the V becomes rounded and the 
tubercles are in irregular curves or festoons. Posteriorly they curve 
upward to the postumbonal slope. There they bend back on themselves 
so that above the postumbonal slope they are directed upward and anter- 
iorly. They are not very distinct there in the Blairmore specimen pre- 
serving this part of the shell, but appear to be more pronounced in the 
Harlowton specimens. Above the postumbonal slope are curving cost® 
with tubercles directed postero-dorsally; these are least marked on the 
Blairmore specimen showing this part of the shell. 

The name is given for Natosin, a chief of the North Blackfeet Indians. 

Length 50 mm., height 35 mm. 

Horizon and Locality . In the Blairmore formation, about 230 feet 
above the base on Lyon creek, Blairmore map-area, Alberta, and in the 
Kootenai formation, about 6 miles south of Harlowton, Montana. 

Types. National Museum of Canada; holotype, Cat. No. 9028; 
paratype, Cat. No. 9028a. XJ.S. National Museum; paratype. 

Unio hamili n. sp. 

Plate XIII, figures 1-4; Plate XIV, figure 6 

Moderately convex, longer than high, and narrowed posteriorly. 
Ventral margin broadly rounded, merging into the rounded anterior 
margin and the short, obliquely truncated posterior margin ; dorsal margin 
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long, almost straight. Beaks anterior, Postumbonal slope abruptly 
rounded and shell surface above it rather narrowly inflected. On umbones 
ornamented with moderately sized, even concentric costae which die out 
ventrally and actually cover only a small part of the surface. Above the 
postumbonal slope these costae bend upwards with a sharp angle and on 
the umbones are straight, but posteriorly they become angular and irregular 
and disappear toward the posterior end. 

Length 51 mm., height 26 mm. 

Unio vetustus 1 Meek and U. douglassi 2 Stanton have two radiating 
sharp ribs on the postumbonal slope and lack the irregular and angular 
costae which occur above the postumbonal slope of U. hamili. 

The species name is given for the late C. B. Hamil, an assistant on the 
Geological Survey, Canada. 

Horizon and Locality. In the Unio bed of the Blairmore formation, 
on the hill south of Hillcrest. 

Types . National Museum of Canada; holotype, Cat. No. 9029; 
paratypes, Cat. Nos. 9029a, b. 


Unio cf. hamili n. sp. 

Plate XIII, figures 5, 6 

A few small, immature specimens from Lyon creek have the sculpture 
of the umbonal part of this species, except that the costae are somewhat 
finer and more closely arranged. 

Horizon and Locality , On Lyon creek in the Blairmore formation, 
about 230 feet above the base. 

Types. National Museum of Canada; types, Cat. Nos. 9030, 9030a. 

Unio sp. 

Plate XIV, figure 10 

The ornament of this species is not well preserved, but on the umbo 
are small concentric ribs and near the dorsal margin posterior to the beak 
there is what appears to be a short radiating carina, above which the con- 
centric ribs bend upwards. The ornament is thus similar to Unio douglassi 
Stanton and related species. The ribbing, however, is finer than in U. 
douglassi and the ornament does not extend so far beyond the umbo as in 
U. douglassi. The Blairmore shell is also much more elongate and the 
surface is narrowly and abruptly inflected along the dorsal margin. This 
is probably a new species, but as the ornament is imperfectly preserved, 
it is not named. 

Length 79 mm., height 25 mm. 

Horizon and Locality. In the Blairmore formation from the Unio 
bed on hill south of Hillcrest. 

Type. National Museum of Canada; type, Cat. No. 9031. 

1 Proc. Acad, Nat, Sci., Phila., for I860, p. 312. 

* Stanton, T. W.: Proc. Am. Phil. Soc., 42, 1903, p. 195, PI. 4, figs. 3, 4. 
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Corbulat onestae n. sp. 

Plate XIV, figures 1-4 

This is a small, subquadrate, moderately convex species. The anterior 
margin rounded, basal margin little rounded, posterior margin long, almost 
straight and inclined, and the dorsal margin long, sloping a little on either 
side of the beak. Beak one-third to one-quarter from anterior end. Post- 
umbonal slope angular near the umbo and rounded postero-ventrally in 
shells of mature size. The surface has even, concentric striae, with occas- 
ional stronger striae, or constrictions. The hinge of the left valve has two 
small cardinal teeth directed backward and between them a deep socket. 
There is also a long posterior lateral and a short anterior lateral. 

The general form and outline suggest a Corbula , but it is not so produced 
postero-ventrally. The dentition is not that of Corbula. Onesta is the 
name of a chief of the Blackfeet Indians. 

Height of holotype 7-5 mm., length 10 mm. 

Horizon and Locality. In the Hillcrest Unio bed of the Blairmore 
formation and in the same formation on Lyon creek about 520 feet above 
the base. 

Types. National Museum of Canada; holotype, Cat. No. 9032; 
paratypes, Cat. Nos. 9032a, b, 9033. 

Corbula ? palliseri n. sp. 

Plate XIV, figure 5 

A small semiquadrate species. The anterior margin rounded, ba,sal 
margin a little curved, the posterior margin long, nearly straight and 
inclined to dorsal margin, and the dorsal margin long, but shorter than the 
total length of the shell. Beak a little in front of the middle. Postum- 
bonal slope sharply angular. Surface covered with relatively coarse, even 
costae. This species is smaller than Corbula perundata Meek and Hayden 1 , 
does not narrow posteriorly, and has finer costae. It is probably not a 
Corbula and congeneric with Corbula ? onestae n.sp. 

Length 6 mm., height 4*5 mm. 

Horizon arid Locality. About 520 feet above the base of the Blair- 
more formation on Lyon creek and in the Unio bed on the hill south of 
Hillcrest. 

Type. National Museum of Canada; holotype, Cat. No. 9034. 

COLORADO SHALE SPECIES 
Martesia mcevoyi n.sp. 

Plate XV, figures 1-3 

Shell of moderate size; euneate in outline. High and swollen anter- 
iorly, narrow and compressed posteriorly; about twice as long as high. 
Ventral margin long; anterior margin rounded; dorsal margin about one- 
half length of shell, inclined forwards a little to the ventral margin; postero- 
dorsal margin long, very slightly rounded, and inclined at an angle of about 


1 Proc. Acad. Nat. Sci., Pliila., 8, for 1850, p. 116. 
77865—6 
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45 degrees to the ventral margin; posterior margin very short and abruptly 
rounded, forming the end of the cuneate extension. Umbones and beaks 
pronounced, approximate. In front of the beaks and above the anterior 
shield-shaped callus is a concave area. Surface less convex toward 
postero-dorsal and posterior margins. Anterior callus shield-shaped and 
rises prominently above remainder of shell. Posterior gape and anterior 
gape narrow. A very narrow sulcus, sloping backward, extends from the 
beak to a little in front of the middle of the ventral margin. Surface 
covered with low, small, angular costae which, anteriorly, where they curve 
upward, behind the callus, become closely crowded fine striae; the anterior 
callus apparently smooth. The dorsal umbonal accessory plate sub- 
circular and divided by a medium very narrow groove. Corresponding to 
the exterior sulcus is a narrow internal ridge from the beak to a little in 
front of the middle of the ventral margin. The specimens are preserved 
in silicified w r ood. 

The species name is given for James McEvoy, Geologist. 

Length 11 -5 mm., height 6 mm. 

Horizon and Locality . In the Colorado shale of the Crowsnest River 
section west of the Blairmore sheet, about 1,360 feet above the base of the 
section there exposed. 

Types . National Museum of Canada; holotype, Cat. No. 9035; 
paratypes, Cat, Nos. 9035a, b. 


Pholadomya nitanae n. sp. 

Plate XIV, figure 7 

Only one specimen is known, consisting of both the right and left 
valves. In the left valve the hingeline is long, although a little shorter 
than the total length of the shell; the anterior and ventral margins are 
rounded; the posterior margin is obliquely truncate above. Moderately 
convex, the umbones prominent and the beaks rising considerably above 
the hingeline and incurved ; beaks situated about one-third from the anterior 
end. About 17 narrow costae radiate from the beak and are weak or absent 
m the antero-dorsal angle. A few concentric costae of the same relief and 
some of lesser size cut across the radiating costae. The right valve is not 
so convex as the left and the umbo is smaller. 

Nitana was the wife of Onesta, an Indian chief. 

Length, 34*5 mm., height, 25 mm. 

Horizon and Locality . In the Colorado shale of the Crowsnest River 
section west of the Blairmore sheet, about 30 feet above the section there 
exposed. 

Type. National Museum of Canada; holotype, Cat. No. 9036. 
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Inoceramus lundbreckemis n, sp. 

Plate XV, figure 4; Plate XVI, figure 2 

A large, oblique, moderately convex species, much higher than long. 
The maximum convexity is on the postumbonal slope, above which is a 
broad depression radiating from the umbones, and above this again, along 
the postero-dorsal submargin a narrow ridge, a small part of which is 
preserved in the holotype. The posterior ear is flattened and only a small 
part of it is preserved. The body of the shell is ornamented with wide, 
distant concentric ribs of strong relief which are thickest where they cross 
the postumbonal slope and take on a lip-like form there. Between these 
are three to five even, regular, and much smaller concentric ribs. These 
are all crossed by small, weak, radiating ribs which appear to be most 
pronounced on the umbonal slope. The posterior wing has growth lines 
only. The stronger concentric ribs at their termination on the ridge along 
the postero-dorsal margin carry large, irregular nodes. This shell must 
have grown to a large size; for the paratype specimen, which is the middle 
part of a right valve, was at least a foot high. 

Inoceramus cardissoides Goldfuss 1 has much stronger radiating ribs. 

Horizon and Locality . Near the top of the Colorado shale, on the 
north bank of Crowsnest river, west of Lundbreck and in the SW. \ sec. 
27, tp. 7, range 2, W. 5th mer. 

Types, National Museum of Canada; holotype, Cat. No. 9037; 
paratype, Cat. No. 9037a. 

Scaphites ventricosus var. saxitonianus n. var. 

(Saxitonia, the Rocky Mountain country) 

Plate XVIII, figures 1-3; Plate XIX, figures 1, 2 

The specimens referred to this species are very variable, but all have 
thick compressed whorls, the venter little arched or almost flattened, the 
living chamber not long and much as in Scaphites ventricosus Meek and 
Hayden, the whorl markedly tapered at the aperture, and the ribs coarse 
and distant, without well-defined nodes. S, ventricosus has a more rounded 
venter and finer and more ribs. Scaphites vermiformis 2 Meek and Hayden 
is smaller, has relatively thinner whorls, somewhat finer ribbing, and well- 
defined nodes. Measurements of holotype near middle of living chamber. 

Diameter 59 mm. 

Height of whorl 53 per cent 

Thickness of whorl 72*4 per cent 

Width, umbilicus 14 per cent 

The maximum diameter, parallel to extended part of living chamber, 
is 70 mm. 

Horizon and Locality. In the Colorado shale of Crowsnest river west 
of the Blairmore sheet, from about 840 to about 1,500 feet above base of 
section there exposed. 

Types. National Museum of Canada; holotype, Cat. No. 9041; 
paratype, Cat. No. 9041a. 

1 See Mem. Brit. Cret. Lamell., Pal, Soc., 2, pt. 8, 1912, p. 300, text figs. 57-58. 

s See Stanton, T. W.: U.S. Geol. Surv., Bull. 106, p. 183, PI. 44, fig. 3. 

77865— 6i 


78 


ALLISON SPECIES 

Inoceramus cf. lundbreckensis n. sp. 

Plate XVII, figure 1 

Only one fragmental specimen of the left valve has been collected. 
Large, apparently oblique, and higher than long. Gently convex, a 
shallow sulcus above the postumbonal slope and a low ridge along the 
postero-dorsal submargin. Surface ornamented with numerous, even, 
narrow, concentric ribs and also, at intervals, low concentric undulations, 
most pronounced where they cross the postumbonal slope and bearing, 
where they meet the low ridge along the postero-dorsal submargin, irregular 
nodes. There are also narrow radiating ribs of moderate relief on the 
central part of the shell. 

It is very close to Inoceramus lundbreckensis n. sp. and allowing for a 
little variation might be placed within that species. It differs chiefly in 
having low, distant undulations rather than distant, wide concentric ribs, 
in the lesser convexity, and the somewhat greater relief of the radiating 
ribs. 

Horizon and Locality. In the lower part of the Allison formation on 
Gulch creek, about 100 feet above base of section there exposed. 

Type. National Museum of Canada; Cat. No. 9038. 


Ostrea saxitoniana n. sp. 

( Saxitonia , the Rocky Mountain country) 

Plate XIV, figures 8, 9 

Chiefly specimens of the right? valve are known. Of average size, 
much higher than long, moderately convex. The centre of the shell is 
conspicuously arched from the umbones to the middle of the ventral 
margin and the anterior and posterior marginal areas are flattened. The 
adductor scar in the interior of the shell is a little posterior to the middle. 
A small specimen shows a mould of a narrow, shallow, ligamental pit and 
the beaks apparently curved posteriorly; on either side, in the dorsal 
part, the inner border is crenulated. The above descriptions apply to 
most of the specimens and to the typical species, but one fairly large 
specimen of the right? valve is only moderately convex. 

A small fragmental specimen may be the other valve of this species. 
It is about as convex as the shells designated above as right? valves. 

Height 31 mm., length 22 mm. 

Horizon and Locality. In the lower part of the Allison formation on 
Gulch creek and about 185 feet above base of section there exposed. 

Types . National Museum of Canada; holotype, Cat. No. 9039; 
paratype, Cat. No. 9039a. 
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Legumen napii n. sp. 

Plate XYI, figure 1 

Moderately convex, very much longer than high, and narrowing 
anteriorly. Beak not preserved, but apparently at about one-fifth from 
anterior extremity. Dorsal margin fairly long, straight. Ventral margin 
longer, almost straight. Posterior margin abruptly rounded below and 
somewhat obliquely truncate above. Anterior margin abruptly rounded 
and somewhat pointed. Surface has fine concentric striae. Anterior 
muscle scar very close to anterior border. 

Napi is the chief figure in Blackfeet mythology. 

Height 18§ mm., length 50 f mm. 

Horizon and Locality . In the lower part of the Allison formation on 
Gulch creek and about 185 feet above base of section exposed there. 

Type . National Museum of Canada; holotype, Cat. No. 9040. 


80 


STRATIGRAPHIC PALEONTOLOGY 

By F. H. McLearn, Geological Survey, Canada 

CONTENTS 

Page 


Introduction 80 

Stratigraphical classification 80 

Previous studies 82 

Succession of faunas and floras 83 

Summary, 97 

Correlation 99 


INTRODUCTION 

The Mesozoic strata of Blairmore region record a number of important 
geological events from Upper Jurassic to Upper Cretaceous time, including 
the alternation of marine and alluvial plain deposition, an interval of coal 
deposition, an interval of volcanic eruption, and locally, in the plant 
world, the introduction of the dicotyledonous angiosperms. The study of 
the faunas and floras makes possible a dating of these events as well as* the 
establishment of the faunal and floral succession. 

Lower, Middle, and Upper Jurassic are used as tentatively adopted in 
a former paper . 1 Upper Cretaceous is taken as beginning with Cenomanian 
equivalents. Lower and Upper Cretaceous are not considered separate 
systems. The writer once used Comanchean 2 in the sense of Lower Cre- 
taceous, but the name has not been continued. Blairmore area is meant 
to include the Blairmore map-area 3 and the Crowsnest valley west to the 
Rocky mountains. South Fork or Castle River area is meant to include 
the area to the south of Blairmore, studied by MacKenzie 4 * . By North 
Fork area is meant the area to the north of Blairmore area in the 
basin of Oldman river and its tributaries in the foothills. Blairmore 
region or country around Blairmore is meant to embrace all three areas. 

i 

STRATIGRAPHICAL CLASSIFICATION 

The Mesozoic strata of the country around Blairmore have been 
grouped by Leach in six formations which, in ascending order, are: Femie, 
Kootenay, Blairmore, Crowsnest, Colorado, and Allison 6 . The name 
Femie, as employed in this region, has been given to the marine shales, 
with some sandstone and calcareous sandstone, at the base of the Mesozoic 
column and directly over the Palaeozoic rocks; the contact with the upper- 
most Palaeozoic terrain is locally a disconformity, with an hiatus of con- 
siderable magnitude. Kootenay has been used as a formation name and 
applied to the overlying, coal-bearing, probably non-marine, sandstones 
and dark shales. It is uncertain whether strata herein designated the 

1 McLearn, F. H.: Trans. Roy. Soc., Canada, 3rd aer. s vol. 21, see. IV, p. 62 (1927). 

* McLearn, F. H.: Geol. Surv,, Canada, Sura. Rept. 1916, p. 112 (1916). 

* Geol. Surv,, Canada, Map No. 1584 (1920). 

* MacKenzie, J. D.: Geol. Surv., Canada, Sum, Rept. 1912, pp. 235-246, Map 103A (1914). 

s Leach, W. W.: Geol. Surv., Canada, Sum. Rept. 1911, pp. 193-198 (1912). 

MacKenzie, J. D.: Geol. Surv., Canada, Sum. Rept. 1912, pp, 238-239 (1914). 

Rose, B.: Geol, Surv., Canada, Sum. Rept. 1916, pp. 109-112 (1917). 
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“passage beds” should be assigned to the Kootenay or the Fernie. The 
name Blairmore has been given to the succeeding strata, which, like those 
of the Kootenay, include sandstones and dark shales, but also conglomerates; 
greenish and reddish shales, have, at least locally, no coal seams, and are 
separated from the underlying Kootenay beds by a persistent basal con- 
glomerate, which, in places, is in slight erosional unconformity with the 
underlying Kootenay. The name Crowsnest has been given to an over- 
lying discontinuous deposit of volcanic tuff and agglomerate. The name 
Colorado has been applied to the succeeding marine shales, arenaceous in 
places and at some horizons. The name Allison has been given to the 
sandstones and shales at the top of the Mesozoic column in the southern 
foothills. 

The name Kootenay is used as restricted by Leach and as a formation 
name. Compared with the original use of Dawson it is restricted in its 
downward range, and perhaps a little in its upward range. As originally 
proposed in a paper by J. W. Dawson 1 , to which G. M. Dawson contri- 
buted some notes, it included the lower part of the Mesozoic section in the 
region in the vicinity of Bow river and south to the International Bound- 
ary. It was defined largely by its flora, of which a number of species were 
described. In addition to the flora of the Kootenay series the flora of an 
Intermediate series and of a Mill Creek series were described. The plants 
of the Intermediate series came from a locality on the middle branch of 
Oldman river and the plants of the Mill Creek series from a locality on 
Mill creek and from a locality on the middle branch of the Oldman. The 
Intermediate flora contains a few angiosperms and the Mill Creek flora at 
both localities a number of angiosperms. On the Oldman the Mill Creek 
flora is said to be well down in the section below the volcanic beds and the 
Intermediate flora is said to occur much farther down. In the same year, 
G. M. Dawson 2 described the Kootenay series and his description may be 
taken jointly with that of J. W. Dawson as a definition of Kootenay. He 
defines it in terms of its flora and of its relation to higher strata. He 
includes the beds now referred to the Fernie, for he lists Belemnites among 
the fossils of the Kootenay. The difficulty of defining the upper limit is 
expressed, but it is considered to lie somewhere between the coal-bearing 
and the volcanic zones, the lower Kootenay including all strata to the coal 
zone and the upper Kootenay an undefined range above. His reason for 
not drawing the upper limit at the volcanic horizon is that the beds below 
it on the middle branch of the Oldman cannot be included in it, for they 
contain a flora, the Mill Creek flora, which differs from the flora of the 
Kootenay. It, therefore, seems clear from the descriptions of both J. W. 
and G. M. Dawson that they did not intend including the strata con- 
taining the Intermediate and Mill Creek floras in the Kootenay and the 
upper limit of the Kootenay must be drawn somewhere below the horizon 
of their occurrence. Now the localities on the Oldman containing these 
floras have not been studied in recent years and no collections of the Inter- 
mediate and Mill Creek (of the Oldman) floras are available for study, but as 
these floras contain angiosperms and they occur below the volcanic beds, 
they are likely in beds now referred to the Blairmore. If both the Mill Creek 
(of Oldman) and Intermediate floras are upper Blairmore floras, to meet 


1 Trans. Roy. Soc., Canada, vol. 3, boo. IV, pp. 1-22 (1886). 

* Geol. Surv., Canada, Ann. Rept., N.S., vol. 1, pt. B, pp. 162-167 (1886). 
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the intention of the Dawsons, the upper limit of the Kootenay must be 
drawn high up in the beds now referred to the Rlairmore formation, but 
below the beds containing the upper Blairmore flora. If the Intermediate 
flora is the equivalent of the lower Blairmore flora, very little or none of 
the beds now included in the Blairmore, i.e., the beds between the coal and 
volcanic zones, can be referred to the Kootenay. Whatever the age of the 
Intermediate flora is, it may prove wise to draw the upper limit of Kootenay 
as Leach has drawn it, at the top of the coal zone, i.e. the coal zone of 
southwestern Alberta; it cannot be drawn at the top of the beds now referred 
to the Blairmore, for beds expressly stated by the Dawsons to lie outside 
the Kootenay would be included in it; and it cannot be conveniently 
drawn within the beds between the coal and volcanic zones, i.e. within the 
beds now referred to the Blairmore, for there is no lithological change to 
mark it. However, until the Mill Creek and Intermediate floras of the 
Oldman are restudied and their identity as Blairmore floras is established, 
the final interpretation of Kootenay is best left in abeyance. Probably 
the most important departure from the original definition and usage is in 
the exclusion of the lower marine beds, which have been removed to form 
the Fernie formation. 


PREVIOUS STUDIES 

A brief review of previous work on the faunas and floras of the Blair- 
more region is given below. 

Earlier workers found few fossils in the Fernie formation of this region. 
A few Belemnites had been observed and some fragments of Plesiosaurian 
bones. 1 Outside the Blairmore region, however, a few fossils of diagnostic 
value had been found: ammonoids had been collected near Fernie, B.C., 
west of the Rocky mountains, had been studied by Whiteaves 2 , and on 
their basis a Jurassic correlation had been made ; far to the north ammon- 
oids and other fossils had been found at Minnewanka lake and at first were 
dated as Cretaceous 3 , but later were recognized as Jurassic. 4 * 

The Kootenay flora had been known for a long time and the earliest 
work of the Dawsons included studies of this flora from the region around 
Blairmore. The history of the introduction of the name Kootenay and 
its restriction by Leach have been briefly reviewed above. 

The name Blairmore was given by Leach, on his map published in 
1913 6 , to the formation which he had previously designated as “Dakota? 6 ,” 
and which other authors had designated as “Dakota” in southwestern 
Alberta, The term Blairmore has gradually come into use and has now 
almost entirely supplanted the earlier name. Prior to the writer's work 
no Blairmore floras had been recognized, but as already noted the Inter- 
mediate flora and Mill Creek flora of the middle branch of Oldman river 
may be Blairmore floras. The floras of these localities have not been, 
studied since Dawson's time. 


1 Geol. Surv.. Canada, Sum. Rept. 1913, p. 298 (1914). 

* Whiteaves, J. F.: Ottawa Naturalist, vol. 17, pp. 65-67, text figs. (1903), 

* McConnell, R. G.: Geol. Surv., Canada, Ann. Rept., N.S., vol. II, pt. D, p. 17 (1887). 

Whiteaves, J. F.: Geol. Surv., Canada, Cont. Can. Pal., I, pt. 2, p. 163 (1889). 

* Dowling, D, B.: Geol. Surv., Canada, "Cascade Coal Basin," pp. 8, 9 (1907); Mem. 53, p. 26 (1914). 

6 Geol. Surv., Canada, Sum. Rept. 1912, p. 234 (1913). 

* Geol. Surv., Canada, Sum. Rept. 1911, p. 195 (1912). 
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Outside the Blairmore region and far to the north the flora collected 
by Cairnes 1 in the “Dakota” of Moose Mountain area is probably a Blair- 
more flora. J. H. Sinclair 2 has commented on this flora in Moose Mountain 
area and on its probable pre-Dakota age. The name “Blairmore” had 
already been introduced by the Geological Survey, however, in southern 
Alberta. The range and composition of the lower flora with its very rare 
angiosperms and the existence of the upper Blairmore flora with its angio- 
sperms were not known to him. 

No invertebrate fossils had been identified in the Blairmore formation 
of this region by earlier workers, but MacKenzie had noted the presence 
of fossil shells. 3 

Not much had previously been found in the Colorado shale and the 
faunas were not differentiated. Leach 4 * had reported two species from 
York and Pelletier creeks. J. S. Stewart 6 published the most extended 
list; his fossils came from the disturbed belt, east of Blairmore area. 

MacKenzie 6 had noted the presence of a few shells in the Allison 
formation. 


SUCCESSION OF FAUNAS AND FLORAS 

FEENIE LOCALITIES 

All the Jurassic faunas are contained in the Fernie formation, of which 
a number of good exposures are to be found in the Blairmore region. Thus 
there are good exposures in the valley between Bluff and Grassy mountains. 
Along the base of the north slope of Bluff mountain the basal conglomerate 
of the Fernie formation rests on Paleozoic quartzite and is overlain by 
dark grey, hard sandstone, which, on a creek flowing westward around the 
northern base of Bluff mountain, is capped by a bed of fossiliferous cal- 
careous grit, the Lille member. This bed is about 100 feet above the base 
of the formation and carries a number of fossils which are listed in the 
table page 85 under CF1. At the northern end of this valley and at the 
foot of the south slope of Grassy mountain, a good section with some 
concealed parts is exposed along a railway spur line. Here the basal 
conglomerate is not exposed, but the sandstone, which overlies it, is to be 
seen on the axis of an anticline and is overlain by the fossiliferous calcareous 
grit of the Lille member, here 6 feet thick. Fossils from this member at 
this locality are listed in the following table under CGI. Over the Lille 
member is a considerable thickness of grey and green shales with lenses 
of fossiliferous, fine-grained, hard, calcareous sandstone. These lenses 
carry a fauna listed in the table under lots CG3 to CGll. The fossils 
listed in the table under CG15 are from blocks of the Lille calcareous grit 
lying on the railway embankment and had been removed from the cut 
from which the fossils of CGI were obtained in situ. The fossils of CG14 
are from blocks of the fine calcareous sandstone lenses, thrown out in 


1 Geol. Surv., Canada, “Moose Mountain District,’* p. 54 (1907). 

* G.S. Am., Bull. 27, p. 678 (1916). 

* MacKenzie, J. D.: Geol, Surv., Canada, Sum. Kept. 1912, p. 239 (1914). 

4 Geol, Surv., Canada, Sum. Rept. 1911, p. 198 (1912). 

* Geol. Surv., Canada, Mem, 112, pp. 32, 33 (1919). 

* MacKenzie, J. D.: Geol. Surv., Canada, Sum. Rept. 1912, p. 240 (1914). 
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excavation of the railway cuts, and must have come from horizons CG2 to 
CG11. The fossils of CGI 7 are from a single block of the same rock and 
from somewhere between CG3 and CG11. 

Another fossil locality is north of Blairmore on the lower part of a 
small creek which flows between Green hill and Bluff mountain, where 
blocks of the fossiliferous, hard, fine-grained, calcareous sandstone occur. 
These blocks are almost in situ and do not appear to have moved very far. 
They contain numerous fossils which are listed under CI1. 

Another section of the Fernie formation, with concealed parts, is 
exposed in the shale quarries south of the railway track at Blairmore. 
There, in drift between the two easternmost quarries, blocks of the fine- 
grained calcareous sandstone carry a small fauna listed under CJ2. In 
the western of the two eastern quarries, in dark shale, and at a level of 
about 400 feet above the base of the formation, Belemnites sp. was collected 
and is listed under CJ3. Higher in the section and in the “green” bed 
exposed in the brickyard quarry a few specimens were collected and are 
listed under CJ4. The collection made by Dr. W. F. Ferrier came from 
near the base of the shale quarries section 1 ; it is listed in the table under 
CJ1. 

The upper part of the Fernie formation is exposed on the north bank 
of Castle river from just below the Coal Securities cabins downstream to 
Hell Gate canyon. The green bed outcrops just below the cabins, is 
about 50 feet thick, and is overlain downstream by the thin-bedded sand- 
stones and shales of the passage beds; the fauna of this green bed is listed 
in the table under DC1. Downstream a number of folds keep the passage 
beds at about river-level for some distance. Finally, downstream, lower 
beds appear, first the green bed and beneath it grey and black shales. In 
these shales, at an horizon of about 270 feet below the green bed the upper 
Gryphaea bed occurs and at about 325 feet below the green bed the lower 
Gryphaea bed is found. The fossils of these two beds are listed under 
DD2 and DD1, respectively, in the table. 


FERNIE FAUNA 

In the table page 85 the entire known Fernie fauna of the Blairmore 
and South Fork or Castle River areas is listed and horizons and localities 
are given where possible. 

There are thus three faunas in the Fernie formation of the South 
Fork and Blairmore areas : 

Green bed fauna 
Corbula munda fauna 
Cklamys mcconnelli fauna 


Chlamys mcconnelli Fauna 

The Chlamys mcconnelli is the oldest of the local Fernie faunas. It is 
found only in the Lille member and the Lille member is known only in the 
valley between Bluff and Grassy mountains, where it outcrops on a small 


1 Ferrier, W. F.: Personal communication. 
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stream, and in the railway cut on the south slope of Grassy mountain. 
The Lille member lies 100 feet above the base of the formation and is 6 
feet thick. It is made up of coarse sand grains cemented by lime and 
contains many shells. A remarkable feature is the presence of numerous 
small, immature Ostrea and Gryphaea shells, about 10 mm. in diameter, 
and the absence of any adult Gryphaea shells. Most of the species of this 
fauna are at least of fair size and some have thick, coarsely ribbed shells. 
The fauna is fairly abundant in number of individuals, but contains only a 
few species and all are pelecypods. It includes the 8 species in the table 
listed under CF1, CGI, and CG15, i.e. Alectryonia informis, A. meevoyi, 
Chlamys mcconnelli , Camptonectes sp., Lima stantoni , L. whiteavsi, L. 
dowlingi, Plagiostoma blairmorensis 1 , and the immature shells of Gryphaea. 


Corbula munda Fauna 

The C . munda fauna is the most commonly occurring, the longest 
ranging, the most prolific in number of individual specimens, and the most 
diverse in species and genera. In the railway section along the southern 
base of Grassy mountain it overlies the Lille or C. mcconnelli fauna and 
ranges from 555 feet (CG3) to 800 feet (CG11) above the base of the 
formation. It also includes the shells collected on the creek north of 
Blairmore (CI1), in the drift between the two shale quarries (CJ2), and 
those in the Ferrier collection (CJ1). At all of these localities it is found 
in the hard, calcareous, fine-grained sandstone lenses. It is a fairly prolific 
fauna, chiefly of pelecypods, and contains 25 pelecypods, 5 ammonoids, a 
few small gasteropods, and worm tubes. The following species are of this 
fauna: Cucullaea living stonensis, Gervillia ferrieri, Inoceramus obliquiformis, 
Oxytoma blairmorensis, Pseudomonotis ferniensis , Ostrea dowlingi , Gryphaea 
impressimarginata, Trigonia ferrieri, Camptonectes cf. bellistriatus, Camp - 
tonectes sp. small specimens, Entolium leachi , Lima albertensis , Anomia 
albertensis, Modiolus rosii , M. frankensis , Pleuromya obtusiprorata, P. 
summissiornata, P. postculminata, Anatina cf. punctata , Thracia canadensis, 
Cyprina ? cf. iddingsi, Cyprina ? sp., Protocardia schucherti, Corbula munda , 
Astarte sp.,' Miccocephalites laminatus , M. miccus , M. concinnus, Meta - 
cephalites metastatus, Paracephalites glabrescens, P. jucundus , 2 Belemnites 
sp., and Serpula sp. Although all the ammonoids come from blocks thrown 
out in excavation, there is no doubt that they belong to this fauna; the 
pelecypods associated with them and the lithology of the matrix prove this. 

On Castle river, in the South Fork map-area, a restricted phase of this 
fauna is found in the two Gryphaea beds, of fine, slightly calcareous sand- 
stone, respectively at 270 and 325 feet below the Green bed horizon. In 
both beds G. impressimarginata is very abundant. In the upper bed a few 
specimens of Oxytoma blairmorensis, Lima stantoni ?, and Belemnites are 
also found. In the lower bed, in addition to the Gryphaea , are a few speci- 
mens of Oxytoma blairmorensis. Although of somewhat different facies 
this is the same fauna as that in the hard, calcareous, fine sandstone lenses 
of Blairmore area. 


1 For descriptions of these species See MoLearn, F. H.: Trans. Roy. Soo., Canada, 3rd sot., vol. 18, sec. IV, 
pp. 3M1, Pis. 1-9 (1924). 

* For descriptions of pelecypods See MoLearn, F. H.: Trans. Roy. See., Canada, 3rd eer., vol. 18, pp. 39-61, 
Pis. 1-9 (1924) and for descriptions of ammonoids See Buckman, S. S.: Jurassic Ammonoidea, this volume. 
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Fauna of the Green Beds 

There is only a sparse fauna in the Green beds. On Castle river 
(DC1) they carry Belemnites and a rib and neural spine of an ichthyosaur, 
a large, marine, fish-like reptile. The plesiosaur bones collected by Lambe 
were also probably from this locality. In the brickyard quarry at Blair- 
more they carry Belemnites and “Turbo” sp. This fauna is Jurassic and 
may not be much later than the C. munda fauna. Its stratigraphic position 
is approximately 700 feet above the base of the formation. 


FAUNA OF THE “PASSAGE BEDS” 

Lying between the Fernie and Kootenay formations are the “Passage 
beds” which consist of about 180+ feet of thin-bedded sandstone and shale. 
In the railway section on the south slope of Grassy mountain they occur 
about 200 feet above the greenish and grey shales carrying the C . munda 
fauna with a gap of concealed strata between; some of the thickness of 
concealed strata, however, may be accounted for by increase due to over- 
thrust faulting. They also outcrop at the foot of the southeastern slope 
of Bluff mountain, north of the Rocky Mountain sanatorium. They overlie 
the green bed in the brickyard quarry at Rlairmore. They are found on 
Castle river below the Coal Securities cabins where they overlie the “green 
bed” and outcrop for some distance downstream. They are found in the 
Hell Gate canyon of Castle river, where a gradual transition may be traced 
into the basal beds of the Kootenay formation. 1 They carry a depauperate 
and poorly preserved fauna with both marine and non-marine elements. 
The fauna includes indeterminate pelecypods at Grassy mountain, shark 
teeth and fish bones and scales north of the Rocky Mountain sanatorium, 
and fishfin rays, a fish-like tooth, and a caudal vertebra of an herbivorous 
dinosaur?, on Castle river. The relation of these beds to the Fernie and 
Kootenay formations will be discussed under correlation. 


1 McLearn, F, H.: Geol. Surv., Canada, Sum. Kept. 1915, pp. 111-112 (1915). 
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KOOTENAY FLORA 

The Kootenay formation contains an old flora without angiosperms. 
In the collection from the Blairmore and South Fork areas Berry has 
identified 18 species, including 7 ferns, 4 cycadophytes, and 7 conifers. 
Their stratigraphic distribution is shown in the following table : 


Fossil lot No. 

I OKI 

! CK2 

I CM1 

| CL1 

| CQ4 

| CQ3 

TOO ' 

CP2 

| CNl 

EHCT 1 

i CPI 

| DH1 

CN2 

TOO 

| DG2 | 

Feet below top formation 

CO 


G 

o 

o 

t-H 

o 

t-H 

o 

1C 

« 

o 

—« 

o 

G 

T—l 

s 

CO 

8 

CO 

t— < 

o 

CM 

CO 

w 

O 

oo 

G 

| Horizon within 

o 


Feet above base formation 












ID 

o 

- cH 

a 

£ 

| known 

Onychiopsis psilotoid es 
















Oleandra graminaefiolia . . . . ............ 






















( ladophlebis montanensis . ................................. 
















__ 

„ _ 


C. mrgi.nip.nsis 

_ 













_ 




( ’ . heterophylla 



















Coni.nplp.ris parhyphyJIa :.. 

















A rrnstirhnple.ri.s fim.hrin.1n. ........ 
















Cyr.tulnl.p.pi.s sp . . . 

















Plp.rophyJluni ar.uti.pp.nnis 

... 


















Pndnzam.it.ps JanreoJatus 
















~N ilsnnin srhau tn ft u rgp. ns i s 

















C 1 zp.ka nowski n, sp 


















Ginkgo arctica 

_ 











__ 






Ftaip.ra up 










_ 






h^anp.innsis nnrmstifnl.ia 

. 















N . zamioides. ....... 


































Approximate measurement. 
Estimated. 


Section CK is on Lyon creek about 2 miles south of Blairmore. Lot 
CK1 is from a bed of carbonaceous shale, below a 2- to 4-inch coal seam, 
at the top of the formation, and from the west bank of the creek. Lot 
CK2 is from sandstone above a coaly layer, at the top of the formation 
and from the east bank of the creek near the same locality. Lot CM1 is 
from shale near the top of the formation and from an exposure near the 
main entry of the Leitch colliery. Lot CL1 is from shaly sandstone, in 
the upper part of the formation and from an exposure in a cave-in on the 
hillside above the main tunnel of the Maple Leaf mine. Section CQ is on 
York creek. Lot CQ4 is from the upper part of the formation, 15 feet 
below a coal seam exposed in the creek bank near the coal mine. Lot 
CQ3 is from an horizon 45 feet below the same coal seam. Lot COl is 
from arenaceous shale in the upper part of the formation and from Nez 
Perce creek below the dam. Section CP is south of Blairmore and west 
of the old Blairmore mine. Lot CP2 is from beds below the second thick 
sandstone, in the upper part of the formation. Lot CPI is from a lower 
evel, at about the middle of the formation, and collected on a dump from 
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a tunnel. Lot CN1 is from shale in the middle part of the formation on 
McGillivray ridge. Section DH is at Hell Gate on Castle river, South 
Fork map-area. Lot DH1 is from 25 feet above the basal sandstone there. 
Lot DH2 is from about the middle of the formation, and from 300 feet 
(estimated) below the top. Lot CN2 is from the Kootenay formation at 
the forks of McGillivray creek; the horizon is not known. Lot DG1 is 
from a parting in a coal seam exposed in an open pit on the north bank of 
Castle river, west of Well’s ranch and on the Carbon Hill property. Lot 
DG2 is from shale at an horizon higher than DG1 on the south bank of 
Castle river near the above locality. 

Many of the species have a long range, although most are confined to 
the upper half. The following 5 species range throughout the formation; 
Oleandra graminaefolia, Cladopklebis montanensis, C. virginiensis, C. hetero- 
phylla, and Pterophyllum acutipennis. The following 3 species range 
throughout the upper half of the formation: Onychiopsis psilotoides, Podo - 
zamites lanceolatus , and Ginkgo arctica. The following ranges through the 
uppermost quarter of the formation: Csekanowskia sp. The following 3 
were found only at the top of the formation: Coniopteris pachyphylla, 
Nilsonia schaumburgensis, and Nageiopsis angustifolia. Tbe following 
were found only near the base of the uppermost quarter of the formation : 
Acrostichopteris Jimbriata and Nageiopteris zamioides. The following occur 
only in the middle of the formation; Cycadolepis sp. and Baiera sp. 

Lot CQ2 is from shale below a thick sandstone at the base of the 
formation on York creek and contains : Athrotaxopsis grandis and Nageiopsis 
(?) montanensis. 


LOWER BLAIRMORE FLORA 

The flora found in the lower and greater part of the Blairmore formation 
numbers 28 species and is chiefly an old flora similar to that of the Koot- 
enay, but with the addition of very -rare angiosperms. It contains ferns, 
cycadophytes, conifers, and dicotyledonous angiosperms. The strati- 
graphic position of this flora is shown in the table, page 90. 

Section CH is on the east slope of Ma butte, where an almost con- 
tinuous section is exposed in gullies, etc. There plants were collected at 
eight levels, at seven of which, from 450 to 1,360 feet, the flora here desig- 
nated as the lower Blairmore flora was found. The fossil lots from these 
levels are numbered CH2 to CHS. Lots DAI and DA3 are from the 
banks of Castle river, just above the mouth of Link creek, at the levels 
below the Crowsnest volcanics indicated in the table. Lots CS1 and CS2 
are from the lower part of York creek, downstream from a ranch house, 
south of the railway and west of Blairmore. Lot CU1 is from the lower 
part of the formation, on the upper part of York creek. Lots DB1 and 
DB2 are from the north bank of Castle river, east of the (Hell Gate) canyon 
and west of the cable footbridge on the Carbon Hill property. Lot DB1 
is estimated to be about 800 feet above the base of the formation and DB2 
is about 100 feet higher; owing to overturning and folding exact measure- 
ments are not possible. Lot DF1 is from shales of the Blairmore on the 
north bank of Castle river at the <4 Paint mine” east of the Cole ranch; 
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the horizon is not known, but is probably several hundred feet below the 
top. 


The table shows that the flora, as collected, ranges from about 200 
feet above the base to about 1,370 or to within about 480 feet of the top 
of the formation. There does not appear to be any pronounced zoning 
within this range: most of the flora, it is true, is within the upper part of 
this range, but this is probably so only because species are more abundant 
above 720 feet; for all species which begin below 720, save two, range to 
the highest, or nearly to the highest, level that the lower Blairmore flora 
reaches. It may be noted that one occurrence, DB1, of the angiosperm 
Sapindopsis brevifolia , is above the middle of the range of this flora. The 
horizon of the other occurrence, at DF1, is not known, but S. brevifolia 
is there associated with a typical lower Blairmore flora. 
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UPPER BLAIRMORE FLORA 

The known upper Blairmore flora contains ferns, cycadophytes, 
conifers, and dicotyledonous angiosperms. Its distribution in the Blair- 
more formation is shown in the following table : 
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Lots DA6 and DA5 are from the top of the formation, below the 
volcanics, on Link creek just above its confluence with Castle river. Here 
the angiosperm flora is as low as 80 feet below the top and the lower Blair- 
more flora in the same section extends as high as 470 feet, i.e. at DA3, 
below the top. A XJnio bed, DA4, lies between, at about 300 feet below 
the top. Lot CH9 is from near the top of the formation (45 feet below) 
in the Ma Butte section and it may be noted that the nearest level in the 
same section from which the lower flora has been collected is 490 feet 
below the top. Lots CS3, 4, and 5 are from York creek just below the 
dam. The exact levels of the fossil lots in section CS are uncertain, owing 
to the concealment of 175 feet of strata between the highest Blairmore 
beds and the lowest Crowsnest volcanics. In the calculations of thick- 
nesses this 175 feet has been credited to the Blairmore formation. The 
levels for CS below the top may be anywhere from 0 to 175 feet too high. 

Thus the known range of this angiosperm flora is from 20 feet below 
the top to 260 or less feet below the top. 
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BLAIRMORE FAUNA 


The Blairmore formation contains a few freshwater invertebrates, 
which, with the exception of several interesting unios, are poorly pre- 
served. They are listed in the following table: 
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The lowest known fossiliferous horizon is about 230 feet above the 
base of the formation, on Lyon creek, where a bed of fossiliferous, yellow- 
weathering, conglomeratic sandstone contains Unio natosini and U. cf. 
hamili. The latter is very similar to a species in the Hillcrest Unio bed 
described below. About 520 feet above the base of the formation and 
also on Lyon creek fossils are found in two layers between two thick 
calcareous beds. The lower layer, CB.1, consists of shale and argillaceous 
limestone and contains indeterminate Corbulat, young Unio 1 !, and Planorbis. 
This is a somewhat different assemblage from that of the Unio bed at 230 
feet. The higher layer, CR2, is of dark shale and carries ostracods, inde- 
terminate young Unio ?, and Campeloma ? Also in the lower part of the 
formation is the bed of fossiliferous argillaceous limestone which outcrops 
on a hill south of Hillcrest; the exact horizon in the section is not known. 
This, like the lowest fossiliferous bed on Lyon creek carries adult Unio, 
i.e. f7. douglassi, U. hamili, and Unio sp. The highest known inverte- 
brates occur at an horizon about 310 feet below the top of the formation, 
or approximately 1,540 feet above the base, in dark shales, on Castle 
river, a little above the mouth of Link creek. Here Unio douglassi is 
found, which, as already noted, is also in the lower part of the formation, 
in the Hillcrest Unio bed. This highest known invertebrate-bearing bed 
is 230 feet below an occurrence of the upper or dicotyledonous angiosperm 
flora and 175 feet above the highest known occurrence, in this section, of 
the lower or primitive flora, with very rare dicotyledonous angiosperms. 

So the Blairmore formation contains several invertebrate faunules 
which vary considerably in composition. Are they merely phases or 
communities of one long ranging and little changing fauna or are they 
distinct faunas of unlike age. There is enough in common between the 
faunules to indicate that they are all probably of one fauna or at least of 
one little changing fauna. Thus U. douglassi is found both in the highest 
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beds on Castle river and also in the much lower Hillcrest Unio bed, sug- 
gesting a fairly long range in the formation for this species. C. ? onestae 
is found in the beds at 520 feet on Lyon creek and in the Unio bed south 
of Hillcrest. The earliest faunule, at 230 feet on Lyon creek, has nothing 
exactly in common with the other faunules, but the U. cf. hamili is very 
close to U. hamili in the Unio bed south of Hillcrest and may be merely a 
variety of it. 

This freshwater invertebrate fauna is not known anywhere to extend 
as high as the strata carrying the upper dicotyledonous flora, but is coeval 
with the lower or primitive flora. 

INOCERAMUS LABIATUS FAUNA? 

In the United States interior, although it occurs rarely in the zone of 
Prionotropis , Inoceramus labiatus Schlotheim is only common in earlier 
beds where it forms a well-defined zone, recognizable over a considerable 
area. 1 It cannot, as yet, be definitely stated whether or not this zone is 
represented in southwestern Alberta. In shales on Mill creek, some dist- 
ance south of both the Blairmore and South Fork areas, Inoceramus 
labiatus is very common and no Prionotropis has been found with it. 
Unfortunately it has not been possible, so far, to establish the stratigraphic 
position of these /. labiatus beds with relation to the Prionotropis beds; 
for this reason, the existence of a pr e~Prionotropis zone of I. labiatus in this 
region cannot at present be proved. No beds containing common I. labiatus 
have yet been located in the Blairmore or South Fork areas, the nearest 
occurrence being in the above-mentioned Mill Creek locality. But if such 
a zone exists it would be in the Colorado shale, below the Prionotropis zone, 
near Well’s crossing on Castle river, and in the basal concealed part of the 
Crowsnest Biver section of the Colorado shale, west of the Blairmore 
sheet. 

PRIONOTEOPIS FAUNA 

The Prionotropis fauna was found at only one locality, at Well's 
crossing, on the north bank of Castle river. There thin-bedded sandstones 
and arenaceous shales carry : 

Prionotropis sp. 

Inoceramus sp. 

Trails. 

The Prionotropis sp. is near. P. woolgari as identified in North Ameri- 
ican faunas. The beds containing this fauna are about 150 feet below a 
prominent sandstone band which Rose considers the equivalent of the 
sandstone band at the base of the exposed section on Crowsnest river west 
of the Blairmore map-area; they may, therefore, be equivalent to some of 
the concealed beds at the base of the Crowsnest River section. 

SCAPHITES VENTRICOSUS FAUNA 

The Scaphites ventricosus fauna is best preserved in the section exposed 
along Crowsnest river west of the Blairmore map-area and east of Crows- 
nest lake. At the bottom, 600 feet are concealed between the highest 
outcrop of Crowsnest volcanics and the lowest outcrop of the Colorado shale. 
Above follow about 1,650 feet of Colorado shale in numerous exposures. 

1 Reeside, J. B., jun.: U.S. Geol. Surv., Prof. Pap. 132B, p. 28 (1923). 
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At the top of this section are about 570 feet of concealed strata between 
the highest outcrop of Colorado shale and the lowest exposure of the 
Allison formation. The fauna of the 1,650 feet of exposed strata is listed 
below: 


Fossil lot No. 
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The fossiliferous strata at 30 feet are exposed in a railway cut east of 
the Wheatcroft house and east of the railway crossing. The fossiliferous 
beds at 170 feet are found in a railway cut just west of the railway crossing. 
The strata from 590 to 1,650 feet outcrop on both sides of Crowsnest river 
from near the Legal house upstream beyond the mouth of Allison creek. 
The fossils occur chiefly in concretions in shale, more rarely in shale, and 
very rarely in arenaceous shale. 

The fauna embraces the following species: Baculites cf. anceps 
Lamarck, B. cf. asper Morton, B . sp., Placenticeras syrtale (Morton), 
Scaphites ventricosus M. and H., S. ventricosus var. stantoni Reeside, S. 
ventricosus var. saxitonianus n. var., S. vermiformis M. and H., S. sp., 
Inoceramus pontoni Me Learn, J. coulthardi McLearn, I. exogyroides M. 
and H,, I. undabundus M. and H., Martesia mcevoyi n. sp., Pholadomya 
nitanae n. sp., and Pteria cf. nebrascana E. and S. The fauna, as pre- 
served, is a none too prolific one and consists chiefly of species of the 
ammonoid genera Scaphites and Baculites and of the pelecypod genus 
Inoceramus. Rare and poorly preserved gasteropods and echinids are 
present, but are not worthy of identification or description. The boring 
pelecypod Martesia is interesting, being present in its natural position, in 
silicified wood fragments. 

The Scaphites ventricosus fauna ranges throughout the greater part 
of this section and perhaps through all of it. The first authentic appear- 
ance of S. ventricosus is at 840 feet. But Baculites cf. asper Morton is 
found as low as 590 feet and, therefore, the S. ventricosus or “Niobrara” 
fauna may be authentically said to range as low as this horizon. Fossils 
are very rare and poorly preserved in the lowest part of the section. 
Scaphites first appears at 170 feet. The species cannot be determined. 
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However, neither S. warreni nor any other Scaphites of the Prionotropis 
fauna is present in the collections from this horizon, and it is probable that 
the S. ventricosus fauna or some early development of it ranges even as 
low as this in the exposed section. At BO feet the single species found 
throws no light in the downward range of the S. ventricosus fauna. In its 
upward range this fauna goes to the very top of the exposed section, i.e., 
to 1,650 feet, S. ventricosus itself extending that high. 

The local ranges of several important species are worthy of note. 
Just what significance they have and whether the S. ventricosus zone 
admits of subdivision are at present unknown. Baculites cf. asper has a 
long range from 590 to 1,650 feet. The B. cf. anceps has a very much 
shorter range, having been found only at 1,650 feet. Scaphites ventricosus 
and S . ventricosus var. saxitonianus both have long ranges, the former 
from 840 to 1,650 and the latter from 840 to 1,500 feet. S. vermiformis 
on the other hand was found only at the top of the section, at 1,650 feet. 
Inoceramus exogyroides was found only at 840 feet, whereas I.coulthardi 
was found from 1,400 to 1,650 feet. 

INOCERAMUS LUNDBRECKENSIS FAUNA 

The estimated 570 feet of concealed strata at the top of the western 
Crowsnest River section of the Colorado shale may be accounted for in 
part by strata at a locality just east of the Rlairmore map-area, on the 
north bank of Crowsnest river, about 2 miles west of Lundbreck. There 
the basal sandstones of the Belly River, a formation which in its lower 
part at least corresponds roughly with the lower part of the Allison forma- 
tion of the west, are followed below by about 80 feet of banded sandstone 
and shale and by several hundred feet of shale. In the lower part of this 
shale the following were collected: 

Inoceramus lundbreckensis McLeam 

Baculites cf. asper (Morton) 

/. lundbreckensis is very similar to a species in the overlying Lower Allison 
beds; it is, therefore, probable that the I. lundbreckensis fauna is a post-$. 
ventricosus one near in age to that of the I. cf. lundbreckensis fauna of the 
lower Allison. 


INOCERAMUS CF. LUNDBRECKENSIS FAUNA 

The basal part of the Allison formation is well exposed on Gulch 
creek (Gulch creek is the first creek east of Matheson creek) and, at levels 
of 100 and 185 feet above the base of the exposed section, contains a 
sparse marine fauna which is listed in the following table: 


Fossil lot No. 

CA2 

CA3 

Feet above base of exposed section of Allison 

100 

185 

Legumen napii MoLearn 



Ostrea saxitoniana MeL«arn 



Pteria sp 



Pteria ? sp 



Inoceramus cf. lundbreckensis Mc.Learn , , 



Shark and other teeth 







96 


The lower 100 feet of the exposed section on Gulch creek consists of 
massive and shaly sandstone with much plant debris. At the very top of 
this 100 feet, the specimen of Inoceramus cf, lundbreckensis was collected. 
Then follow 40 feet of similar rock, followed above by hard, massive, 
crossbedded sandstone. In this sandstone, and 185 feet above the base, 
other marine fossils were found, including Legumen napii and Ostrea 
saxitoniana. In addition to the above an indeterminate plant, possibly a 
fucoid, was found at 100 feet. 

COBBTJLA FAUNA 

This fauna is in the lower coal zone of the Allison formation which is 
exposed on Gulch creek and in a tunnel just east of Matheson creek 
(Matheson creek enters Crowsnest river from south, a little east of 
Crowsnest lake). It is listed below: 


Fossil lot No. 

CAS 

CCla 

Feet above base of exposed Allison in Gulch Creek section 

315 


Modiolus sp, 



C* nrhuln nf n tarn rtAnfji TVf anfi H 



Af pJ/inin? a f. tohi tanimi SfantOn 



“ Rhytophorus” sp. . . , , 




Above the sandstone at 185 feet, on Gulch creek, there is massive 
sandstone with a little plant debris, followed by a few feet of arenaceous 
shale, a small, irregular coal bed, and a 4-foot bed of grey and bluish shale. 
In this shale, at about 315 feet (CA5) above the base of the exposed section, 
a brackish or mixed fauna with Modiolus, Corbula, and Melania was found. 
At about the same horizon (CO la) in the coal tunnel east of Matheson 
creek and just above the second coal layer, Corbula, Melania, and “ Rhyto - 
pkorus” were found. This mixed or brackish fauna forms, in a manner, a 
transition from the marine fauna below to the entirely freshwater fauna 
of the upper Allison above. 

ZAMITES ALBEBTENSIS FLOBA 

This flora occurs near the Corbula fauna stratigraphically in the 
lower coal zone of the Allison formation. The flora was found at two 
places; at CA6 on Gulch creek several feet above the Corbula horizon 
CA5 and separated from if by a thin coal layer; and in the coal tunnel 
east of Matheson brook at about the same horizon (CC1) as the Corbula of 
CCla. The flora is listed below: 


Fossil lot No. 

CA6 

CC1 

Feet above base of exposed Allison on Gulch creek 

*318 


G&initzia formosa Heer ... ... 



Zamites alhertensis Berrv. . . . . 



Pln.ia.nus sp 



Viburnum sp 



Tar odium ? sp 



Asplenium ? rnlnradoensis TCu 



Brachyphyllum macrocarpum Newb ...... 




Approximate. 
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, UPPER ALLISON FAUNA 

The upper part of the Allison formation outcrops on Matheson creek, 
with long gaps of concealed strata. Much fossil material is present, but 
it is for the most part too badly crushed or otherwise too poorly preserved 
for identification. The fauna includes TJnio danae Meek and Hayden, 
Sphaerium planum M. and H., and indeterminate species of Goniobasis ? , 
Hydrobial, Planorbis , Viviparus , and Physa. Freshwater life alone is 
present. All trace of marine life is gone. More than one community is 
represented. Thus the clays contain chiefly Physa, SphaeriUm, etc., a 
quiet water, a pond, or quiet stream community. The sandstones contain 
adult, heavy-shelled specimens of Unto which are not commonly associated 
with Physa nor with small, thin-shelled bivalves and probably represent 
aquatic conditions with better water circulation and aeration, i.e., a flowing 
stream or large lake. The fauna, in so far as it admits of identification, is 
listed in the table below; the feet given are measured from the coal seam 
in the tunnel east of Matheson brook: 


Fossil lot No. 









Feet above base of upper Allison 

335 

660 

1,160 

1,185 

1,200 

1,380 

1,430 

1,800 

TJnio danae. M and TX , , , , 




— 


— 



Small Uniol . 
















S. planum var. 









Goniobasis ? sp 









Hvdrobia ? sp. 









Planorbis sp .......... 









Viviparus sp. . ... , 




— 

— 






— - 

— 


— 


Tndftt. irftstfvrnnnd s 
















In a quarry at the east end of Crowsnest lake a tooth of a carnivorous 
dinosaur and part of a neural spine of an herbivorous dinosaur were collected. 

In addition, the following was found at CC8, 1,725 feet above the 
base of the exposed section : 

Sequoia heterophylla Velen? 

Above the conglomerate an indeterminate fern probably of the Cyatheaceae 
was collected. 

SUMMABY 

At least four Jurassic faunules or faunas and at least seven Cretaceous 
faunas and four floras are present in the Mesozoic terrains of the Blairmore 
and South Fork areas. Important additions to our knowledge of the local 
stratigraphy are : the finding of a Jurassic fauna with numerous pelecypods 
and a few ammonoids, the finding of two distinct floras and a small fauna 
in the Blairmore formation, which record locally the coming of the dicoty- 
ledonous angiosperms, the obtaining of three or possibly four faunas in the 
Colorado shale; the discovery of a sparse marine fauna in the bottom of 
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the Allison formation; the finding of a sparse mixed fauna and a small 
flora 315 to 320 feet up in the Allison and a poorly preserved but abundant 
freshwater fauna in the upper part of the Allison. 

The faunas and floras are arranged in the following fable in their 
natural order and their positions in the several formations are indicated: 


System 


Fauna 

Flora 

Formations 

Cretaceous 

Montanan 

Physa-Sphaerium 

and 

Unio dame 
(freshwater) 


Allison 

Zamites albertensis 

Corbula cf. perundata 
(brackish) 


I. cf. lundbreckensia 
(marine) 

I. lundbreckensia 
(marine) 

Colorado 

Coloradoan 

S. ventricosus 
(marine) 

Prionotropis 

(marine) 

I. labiatus? 

(marine) 



Crowsnest 



Upper Blairmore, ferns, 
cycadophytes, conifers, 
angiosperms 

Blairmore 

U nio hamili-douglassi-napii 
(freshwater) 

Lower Blairmore, cycado- 
phytes, ferns, conifers, 
very rare angiosperms 


Cycadophytes, ferns, 
conifers 

Kootenay 

? 


“Passage beds” 
fauna 


“Passage beds” 

Jurassic 


Green bed 
(marine) 

C. munda 
(marine) 

C. mcconnelli 
(marine) 


Fernie 


This is an interesting section extending as it does from Jurassic to well 
up in the Upper Cretaceous. Only marine faunas appear in Fernie time. 
Only floras and freshwater faunas appear in Kootenay and Blairmore time. 
Marine faunas do not reappear until Coloradoan time, but continue into 
early Montanan time, i.e. into basal Allison time. They are then sup- 
planted, however, first by a mixed or brackish fauna, by a flora, and finally 
by a long-ranging freshwater fauna. The floras undergo important 
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changes. At first, of the older Mesozoic type, they consist chiefly of ferns, 
cycadophytes, and conifers. Later, in lower Blairmore time, very rare 
angiosperms appear, and in upper Blairmore time, angiosperms become 
more common and the flora begins to take on a modern aspect. 


CORRELATION 

It is fortunate that the Corbula munda fauna, the most abundant and 
longest ranging of the local Fernie faunas, contains ammonoids, for they 
make a correlation possible. When this fauna was first studied its resem- 
blance to the Sundance fauna was noted, but it soon became apparent 
that there were no species in common and that this was a Jurassic fauna 
hitherto unknown in the North American interior. The following pelecypod 
species show various degrees of resemblance to Sundance species, but are 
nevertheless distinct : 


C. munda fauna 

Sundance fauna 

Gervillia ferrieri 

G. montanaensis Meek 

Oxytorha blairmormsis 

0, wyomingensis Stanton 

Pseudomonotis femiensis 

P. eurta (Hall) 

Gryphaea impressimarginata (sulcated forms) 

G. calceola var. nebrascensis M. and H. 

Camptonectes cf. bettistriatus (Meek) 

C. bellistriatus (Meek) 

Lima albertensis 

L. cinnabarensis Stanton 

Modiolus femiensis 

M. subimbricata (Meek) 

Pleuromya obtusiprorata 

P. concentrica Whitfield and Hovey 

Anatina cf. punctata Stanton 

Anatina punctata Stanton 

Thrada canadensis 

T. sublaeiris M, and H. 

Cyprina cf. iddingsi Stanton 

C. iddingsi Stanton 


Although the pelecypods show that this is a different fauna from that of 
the Sundance they do not indicate whether earlier or later. The study of 
the ammonoids, however, by Ruckman * 1 shows that this is an earlier fauna. 
None of the Fernie ammonoid genera from Blairmore occurs in the European 
sections, but Buckman 2 notes the resemblance of one genus to Catacephalites, 
the date of which is the Catacephalites hemera of the Proplanulitan age. 
The C. munda fauna, therefore, is of about Proplanulitan age in Buckman’s 
chronology or Callovian or early Upper Jurassic. The Sundance Cardio- 
ceras fauna is considerably younger, being of Argovian 3 age or middle 
Upper Jurassic. Likewise the Cardioceras or Argovian faunas of Big 
creek, Chilcotin river, B.C. 4 5 , and the Cardioceras fauna in the Fernie 
formation near Fernie, B.C. 4 , are younger. The Quenstedtoceras fauna of 
the Ellis formation of Montana is also younger, being of Divesian age 6 , 
but is older than the Sundance and other Cardioceras faunas. The 
Seymourites mcevoyi fauna of the Fernie of Kananaslds river 6 and the 

1 Buckman, S. S.: Jurassic Ammonoidea; this volume. 

1 Buckman, S. S.: Jurassic Ammonoidea, this volume. 

* Reeside, j R., jun.: U.S. Geol. Surv., Prof. PapT 118, pp. 10, 11 (1919). 

4 Reeside, J. R,, ,iun.: U.S. Geol. Surv., Prof. Pap. 118, pp. 10, 11 (1919). 

5 Reeside, J. B., jun.: TJ.S. Geol. Surv., Prof. Pap. 118, pp. 10, 11 (1919). 

• McLearn, F. H.: Trans. Roy. Soc., Canada, 3rd ser., vol. 21, sec. IV, pp. 63-64 (1927). 
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Seymourites ( Yakounites ) fauna of the upper part of the Yakoun formation 
of Skidegate inlet, B.C. 1 , are of similar age to the C. munda fauna, but 
probably not of the same hemera. The early Middle Jurassic faunas, the 
Defonticeras and Zemistephanus faunas of the Lower Yakoun of Skidegate 
inlet, the Stemmatoceras-Saxitoniceras fauna of the Fernie on Sheep river, 
Alberta, and the fauna with Sonninines in the Fernie at Minnewanka lake 2 
are all much earlier than the C. munda fauna. 

As the Chlamys mcconnelli fauna contains only new species and no 
ammonoids, its correlation is difficult. Of the eight species six are entirely 
unlike any in the succeeding Corbula munda fauna. One, Lima stantoni , 
resembles a poor and indeterminate specimen in the C. munda fauna on 
Castle river and some of the specimens listed under Camptonectes sp. 
resemble some in the higher fauna, but no mature specimens are in the 
later fauna and none of the large Camptonectes specimens in the C. mcconnelli 
fauna have the surface markings preserved. Therefore, a close resemblance 
of the two faunas cannot be proved. On the other hand the unlikeness of 
these two faunas does not necessarily prove difference of age, for there is 
some evidence that they lived under somewhat different conditions of 
habitat; the grain of sand is much coarser in the rock enclosing the C. 
mcconnelli or Lille fauna; the Gryphaea spat were able to settle in abund- 
ance on the Lille or C. mcconnelli bottom, but some factor of the environ- 
ment inhibited their growth beyond about 10 mm., whereas on the C. 
munda bottom they were able to grow to mature size; on the Lille bottom 
Camptonectes grew to large size, whereas on the C. munda bottom it 
attained only a small size. 

The fauna of the Green beds is probably Jurassic, but no exact corre- 
lation can be made until more is known of the diagnostic value of our 
belemnoids. It may be of the 0. munda fauna and different in composition 
from that in the lower beds because of the difference of facies or it may be 
of a later Jurassic fauna. 

Thus a Callovian, the C. munda , fauna ranges through the greater 
part of the formation in this region, but the faunas occurring both below 
and above it cannot now be dated and, consequently, the range of time 
represented by the entire Fernie section in this region cannot now be deter- 
mined. This makes it very difficult, and at present impossible, to correlate 
the entire Fernie formation of this region with the Fernie of other parts of 
western Alberta and eastern British Columbia. The problem is compli- 
cated by the presence of unlike faunas in different localities 3 and by the 
lack of knowledge of the range of these faunas within the Fernie sections. 
The question arises 4 , do the faunas of the several localities range through 
all of the Fernie strata or only through parts of them? In other words 
are all of the strata of each locality of the age of the single faunas found 
there and, therefore, the strata of the several localities are of short time 
range and of unlike ages; or are the strata of the various localities of com- 
paratively long time range and all of approximately the same age, i.e., 
about lower Middle to middle Upper Jurassic, and it so happens that 


i McLearn, F, H.: Geol, Surv. , Canada, Bull. 49, p. 19 (1928). 

1 McLearn, F. H : Geol. Surv\, Canada, Sum. Rapt. 1922, pt. B, p. 6 (1923). 

This fauna is not yet dated, but is very late Lower Jurassic or early Middle Jurassic. 

* McLearn, F. H.: Geol. Surv., Canada, Sum. Rept. 1922, pt. B, p. 6 (1623). 

* McLearn, F. H,: Trans. Roy. Soc., Canada, 3rd ser., vol. 21. sec. IV, pp. 70-71 (1927). 
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mostly only one fauna has been preserved at each locality? The last 
hypothesis, of course, must include the possibility of breaks or hiatuses in 
the sections, due to withdrawals and advances of the seas. The problem 
cannot now be solved, but it may be noted that one of the earlier faunas, 
that on Sheep river, occurs in the lower part of the Fernie section 1 , that 
one of the faunas intermediate in age, the C. munda fauna at Blairmore, 
occurs in the middle and greater part of the formation there, but may 
extend both up and down, and it is possible that both a lower Middle 
and a lower Upper Jurassic fauna are present in the Fernie formation on 
Kananaskis river. 

While making comparisons with other regions it is interesting to note 
that some time ago a skeleton of a large ichthyosaurian marine reptile was 
found in the Fernie formation on Elk river, one mile north of Morrissey, 
B.C., by Thomas Prentice and presented to the National Museum by 
W. B, Wilson. The specimen consists of the skull, jaws, ribs, and the 
greater part of the vertebral column. 2 

The hiatus between the Fernie and the Palaeozoic terrains is a con- 
siderable one. Most of the Fernie formation in Blairmore region is of lower 
Upper Jurassic time, but there is the possibility that the lowest part may 
be earlier and even Middle Jurassic. The age of the quartzitic beds on 
which the Fernie locally rests is probably Pennsylvanian. These beds are 
probably of the Rocky Mountain quartzite formation or a local equivalent 
of it which in this area Warren dates Pennsylvanian, 3 although in the 
Banff area 4 * the uppermost part of the Rocky Mountain quartzite may be 
of Permian age. The hiatus, therefore, in the Blairmore area includes 
part of the Jurassic, all of Triassic, and probably all of Permian time. 

As fossil plants only were collected in the Kootenay formation, its 
correlation must rest on palseobotanical evidence alone. The plants col- 
lected were sent to Professor Berry with the request that the age of the 
Kootenay flora from the Blairmore localities be examined on its own 
merits, the writer having in mind the possibility that the Kootenay flora 
from Blairmore might be of a different age from some other Kootenay 
floras. Berry, after study, concluded that this, like other Kootenay floras, 
was of Barremian age. 6 In 1915 the writer, on the basis of the apparent 
conformity of the Kootenay and Fernie formations, noted also by other 
observers, dated the Kootenay Upper Jurassic, placed the important 
disconformity in the Cretaceous section of Blairmore between the Kootenay 
and Blairmore formations, claimed that the conglomerates of the Blairmore 
indicate the uplift of a landmass to the west, which might mark the Sierra 
Nevadan revolution and that the hiatus between Kootenay and Blairmore 
might represent all of Lower Comanchean (i.e., Lower Cretaceous) time. 6 
This is an extreme and not altogether accurate interpretation, to all of which 
the writer would not now subscribe. It is unfortunate that the “passage 
beds” contain no fossils that would indicate their age. In them is the 
first record of non-marine conditions, although the non-marine elements 

1 Marshall, J. R.: Personal communication. 

8 Sternberg, C. M.: Personal communication. 

* Warren, P. S.: Trans. Roy. Soc., Canada, 3rd ser., vol. 22, pt. 1, sec. IV, pp. Ill, 112, 115, 116 (1928). 

4 Warren, P. S.: Geol. Surv., Canada, Mem, 153, p. 37 (1927). 

* Berry, E, W.: "The Kootenay and Lower Blairmore Floras”, p, 2S this vol.; also Trans. Roy. Soc., Canada, 
3rd ser., vol. 20, sec. IV, p. 20 (1926). 

6 McLearn, F, H,: Geol. Surv., Canada, Sum. Rept. 1915, p. 112 (1916). 
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of its fauna may have drifted in. It also marks some increase in fine sand 
deposition and on Castle river in its uppermost part an increase in thick- 
ness of its sandstone beds, of which there is an even gradation into the 
bottom of the Kootenay. It has the marks of a transitional member 
between the marine Fernie and the non-marine Kootenay. The marine 
elements in its fauna indicate the presence of a sea somewhere in southern 
Alberta, although the deposit itself may be largely marginal and brackish 
or even in part non-marine. It is possible that it may mark the first 
uplift of land to the west, i.e., the Selkirk range 1 , resulting in a silting up 
of the interior sea, completed by Kootenay time, when non-marine alluvial 
plain deposition supplanted marine conditions in southern Alberta. With 
this interpretation of the “passage beds” and the relation of the Kootenay 
to the Fernie it is necessary to harmonize the Barremian or middle Lower 
Cretaceous age of the Kootenay with the basal Upper Jurassic age of most 
of the Fernie formation at Blairmore. Several possibilities suggest them- 
selves. Granting continuous deposition without any hiatus and a Barre- 
mian age of the Kootenay the Fernie strata above the zone of C. munda 
including the Green bed, and the “passage beds” would represent most of 
Upper Jurassic time and all of pre-Barremian Cretaceous time; a part at 
least of the “passage beds” would then be of Lower Cretaceous age and as 
the “passage beds” record a coeval sea somewhere in southern Alberta, 
the existence of a Lower Cretaceous sea in southern Alberta could be 
inferred. If, however, the Kootenay were not as late Lower Cretaceous 
as Barremian or were Barremian and also Neocomian and extended low 
enough to include earliest Lower Cretaceous or even the very latest Upper 
Jurassic, the “passage beds” would be of Upper Jurassic age and, at Blair- 
more, would contain the last record of the interior Jurassic sea or seas. 
On the other hand there may be hiatuses in the section. Assuming an 
hiatus of considerable magnitude at the base of the “passage beds”, equal 
say to all of post-Callovian Upper Jurassic time, and a Barremian age of 
the Kootenay, the “passage beds” would be of pre-Barremian Lower 
Cretaceous age and a Lower Cretaceous sea somewhere in southern 
Alberta could be inferred. Other possibilities may suggest themselves. 
An hiatus between the “passage beds” and Kootenay is unlikely, however, 
and, as a Barremian age of the Kootenay and a Jurassic age of the “passage 
beds” demands such an hiatus, both correlations cannot likely be possible. 
Much seems to depend on the dating of the “passage beds” and it is to be 
hoped that diagnostic fossils will be found in them. It would be unwfise 
to venture a correlation of the “passage beds” with the Lower Ribboned 
sandstone of the vicinity of Banff 2 and other localities farther north, 
although some lithological resemblance and the similar stratigraphic posi- 
tion might invite it. The Lower Ribboned sandstone may have also the 
marks of a transitional member, however. 

It may be noted that Warren 3 has recently discussed the relation of 
the Kootenay and Lower Ribboned sandstone to the Fernie formation in 
the vicinity of Banff, Alberta, and has held that the Fernie “represents a 
marine transgressive overlap, and, therefore, the overlying Kootenay 
formation may vary considerably in age in different areas.” He suggests 


1 Schofield, S. J.: Geol, Surv., Canada, Mem. 117, p. 64 (1920). 

* Dowling, D. B.: Geol. Surv. , Canada, “Cascade Coal Basin”, p, 8 (1907). 

* Warren, P. S.: Trans. Roy. Soc., Canada, 3rd ser,, vol. 21, sec. IV, p. fiO (1927). 
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the possibility of a Jurassic age for some of the Kootenay. His hypothesis 
assumes continuous deposition, no hiatus, and unlike time ranges of the 
Fernie in different localities. 

It is possible that some part of the lower member of the Bull Head 
Mountain formation in the canyon on west Peace river is approximately, 
or in part, the equivalent of the Kootenay of the Blairmore region; for 
the upper or Gething member contains a flora approximately equivalent 
to the lower Blairmore flora. 

In 1916 the older and more primitive lower Blairmore flora, with very 
rare dicotyledonous angiosperms, was tentatively dated as “uppermost 
Comanchean”, using Coman chean in the sense of Lower Cretaceous and 
the younger or upper dicotyledonous flora was dated as probably Dakota 1 . 
Later the plant collections were sent to Professor Berry with the request 
that the difference in composition of the Lower Blairmore and Kootenay 
floras be determined, that all the floras be correlated, and that the possi- 
bility of the upper Blairmore flora being of Dakota age be considered. 
Professor Berry after studying the collections points out the similarity of 
the Kootenay and lower Blairmore floras and also some differences, com- 
pares the upper Blairmore flora with that of the Cheyenne sandstone of 
Kansas, dating it Cenomanian and basal Upper Cretaceous and dating 
the lower Blairmore flora Aptian and Albian or parts of both. 2 The upper 
Blairmore flora is considered by him to be of pre-Dakota age in the sense 
of Dakota as restricted by him®. It has been pointed out, however, that 
the Cheyenne may be of Albian age 4 providing the zone of P. inflata is 
Albian. This being so, not only would all the Blairmore formation be pre- 
Dakota, but all would also be of Lower Cretaceous age, providing that 
Cenomanian be taken as the base of the Upper Cretaceous. 

Little can now be said of the distribution of the two Blairmore floras 
in other parts of western Alberta and eastern British Columbia, The 
lower flora, however, may be close in age to the flora of the Gething member 
of the Bull Head Mountain formation in Peace River canyon, British 
Columbia. In 1917 this flora was tentatively correlated with the lower 
Blairmore flora on the basis of the plant association of cyeadophytes, ferns, 
and a single specimen of a dicotyledonous angiosperm. 6 The angiosperm, 
however, was lost in transit to the office. Later Berry studied this flora 
and gave it a Barremian and Kootenay date, but after studying the floras 
from Blairmore revised this diagnosis and dated it as almost or at least 
partly of the age of the lower Blairmore flora. 6 The upper Blairmore flora 
has not yet been definitely located elsewhere in Canada, although the Mill 
Creek flora from the middle branch of Oldman river may be of this flora, 
but it has not been studied since Dawson’s time. The Intermediate flora 
of Dawson may also be a Blairmore flora and should be restudied. 

As already pointed out the Blairmore fauna has a long range within 
the formation and is for the most part coeval with the lower Blairmore 
flora, the known range of the former being from 230 to 1,540 feet and the 

1 McLeans, F. H.: Geol. Surv., Canada, Sum. Rept. 1915, p, 112 (1916). 

3 Berry, Edward W,: Trans. Roy. Soc., Canada, 3rd ser., vol. 20, sec. IV, pp. 202-204 (1926); Kootenay and 
Lower Blairmore floras, this vol.; upper Blairmore flora, this vol, 

3 Berry, Edward W.: Am. Jour. Sci., vol, 50, pp. 387-390 (1920). 

4 Stanton, T. W.: Am. Jour. Sci,, vol. 16, p. 408 (1928). 

* McLearn, F. H.: Geol. Surv., Canada, Sum. Kept. 1917, pt. C, p. 17 (1918). 

6 Berry, Edward W.: Trans. Roy. Soc., Canada, 3rd ser., vol. 20, pp. 202-3 (1926). 
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known range of the latter from 200 to 1,380 feet. Although this fauna 
does in one section actually extend a little higher than the lower fauna, it 
is not known anywhere to reach as high as the level of the upper or angio- 
spermous flora. The age of the fauna is, therefore, identical with that of 
the lower Blairmore flora, or about Aptian. The fauna is entirely of fresh- 
water origin. Although much of it is poorly preserved, the unios are in 
good condition and are very interesting. The known fauna numbers 
9 species: 

Corbula’t onestae 

Corbula? pcdliseri n. sp. 

Unio natosini n. sp. 

Unio hamili n. sp. 

Unio cf. hamili n. sp. 

Unio douglassi Stanton 

Unio sp. 

Campeloma ? sp. 

Planorhis sp. 

Ostracoda 

None of the above species has yet been found elsewhere in Canada, but 
two are present 1 in the Kootenai formation of Montana. They are Unio 
douglassi Stanton 2 and Unio natosini n. sp. Therefore, the lower 1,380 
feet or so of the Blairmore formation of the Blairmore and South Fork 
areas are to be correlated with a part of the Kootenai of Montana. The 
American Kootenai of Montana is probably equal to the Canadian Koote- 
nay plus at least a part of the Blairmore formation of the Blairmore and 
South Fork areas. The upper Blairmore flora has not yet been found 
in Montana. 

It is now possible to determine the date of several important events 
in this part of the continental interior in Blairmore time. The date of the 
first record of the appearance of dicotyledonous angiosperms in this region 
is about Aptian or Albian and the time of the first record of a fair abund- 
ance of them may be as early as Albian, i.e., late Lower Cretaceous, or as 
late as Cenomanian, i.e. earliest Upper Cretaceous. Rose has noted the 
presence of crystalline igneous pebbles in the rather persistent conglomerate 
at about 1,250 to 1,500 feet above the base of the Blairmore formation 
and their absence in the basal conglomerate of the same formation 3 . 
Schofield interprets the appearance of the igneous pebbles in the higher 
conglomerate as evidence of the unroofing of the Nelson batholith in the 
Selkirk range to the west. 4 However, it may be noted that the sandstones 
of the Blairmore formation, even in its lower part, are prevailingly 
feldspathic. 6 Whatever interpretation may be given to these igneous 
pebbles, the conglomerate holding them falls within the range of the highest 
strata containing the lower Blairmore flora and even higher and, therefore, 
is of about Aptian or Albian age, i.e. later Lower Cretaceous. If the flora 
of the Gething member to the north in Peace River canyon is younger 
than that of the Kootenay in southwest Alberta, the time of maximum 
coal deposition there was somewhat later than in the south, for the Gething 
member is that part of the Bull Head Mountain formation which contains 
most of the coal and all the thick seams. There is not now sufficient 

1 Stanton, T. W.: Personal communication. 

1 Stanton, T. W.: Proe. Am. Phi). Soc., 42, 1903, p. 195, PI. 4, figs. 3, 4. 

* Rose, B.: Geol. Surv.. Canada, Sum. itspt. 1910, p. 110 (1917). 

* Schofield, S. 1 .: Geol. Surv., Canada, Mem. 117, p. 64 (1920). 

6 Bose, B.s Personal communication. 
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evidence for any broad generalization, but it is not impossible that the 
site of maximum coal swamps migrated northward in Lower Cretaceous 
time. 

The Crowsnest volcanics have not yet yielded any fossils except a 
very poor specimen of a leaf. Therefore, their exact age cannot be deter- 
mined. However, as they overlie beds containing, a flora which may be 
as old as Albian or as young as Cenomanian, and underlie beds containing 
a Turonian fauna, the volcanic eruption which they record may have 
occurred in Cenomanian or early Turonian time. 

In the United States interior the zone of Inoceramus labiatus is in the 
Greenhorn limestone, Frontier formation, and the lower part of the Colo- 
rado shale. 1 Reeside correlates it with the lower Turonian of Europe. 
The Vascoceras fauna which is at the top of the I. labiatus zone in the 
United States has not yet been found in Canada. However, the Vascoceras 
fauna is a very rare one in North America, being known at only two 
localities. 2 In Mountain Park, Alberta, and other areas, Warren and 
Rutherford 3 record a zone of Inoceramus labiatus in the middle of the Rlack- 
stone shale, but note the presence of Prionotropis below as well as above it. 

The Prionotropis fauna, in the areas studied, is a scanty one; only 
the following are known, Prionotropis cf. woolgari Man tell, Inoceramus sp., 
and trails. This is the “Carlile” or Scaphites warreni 4 fauna of the United 
States interior where it is found in the Carlile shale of southern Montana, 
Wyoming, the Black Hills, etc., and in a part of the Colorado shale of 
northern Montana. It is an upper Turonian fauna of Europe. Along 
Bow river and in Bragg Creek area this fauna is in the lower Benton 5 . In 
Mountain Park and other areas this fauna is in the Blackstone shale 6 and 
includes Prionotropis and Inoceramus cf. corpulentus McLearn. J. S. 
Stewart’s collection, made in 1916, at Mountain Park and presumably 
from the Blackstone shale, contains Prionotropis (several species), Scaphites 
cf. larvaeformis M, and H., Scaphites (very small species), Inoceramus cf. 
corpulentus McLearn, and Baculites cf. gracilis Shumard. This fauna is 
also found on Smoky river in northern Alberta, in the lower part of the 
Kaskapau shale, where Prionotropis occurs at two horizons. 7 On Atha- 
baska river, at Stony rapids, this fauna occurs in the basal part of the La 
Biche shale, and includes a large undescribed species of Prionotropis and a 
large, depressed, undescribed species of Inoceramus. In Canada, this fauna 
can be readily recognized by the presence of the ammonoid genus Priono - 
tropis. Failing that Inoceramus corpulentus appears to be a good guide 
fossil, although it has not yet been found in southwestern Alberta. Inocer- 
amus labiatus is rare. The presence of very small species of Scaphites is 
another characteristic of this fauna in Canada. Scaphites warreni M. and 
H., a rather slender species of moderate size and having a rather simple and 

1 Reeside, J, B., jun.: U.S. Geol. Surv., Prof. Pap. 132B, p. 28 (1923). 

2 Reeside, J. B., jun.: U.S. Geol. Surv., Prof. Pap. 132B, pp. 26, 27 (1913). 

•Warren, P. S., and Rutherford, R. L.: Am. Jour. Soi., vol. 16, p. 132 (1928), 

4 McLearn, F. H., and Hume, G. S,: Bull. Am. See. Petrol. Geols., vol. 2, p. 242 (1927). 

For distribution of this fauna in the United States and for correlation with Europe See Reeside, J. B., jnn.: 
U.S. Geol. Surv., Prof, Pap. 132B, pp. 26, 28 (1925). 

* Rutherford, R. L.: Alberta Sci. Induatr. Res. Coun., Rept. 17, p. 25 (1927). 

Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1927, pt. B, advance issue, p. 7 (1928). 

• Rutherford, R. L.: Alberta Sci. Industr. Res. Coun., Geol, Surv. Div,, Rept. 11, p. 40 (1925). 

McKay, B. R.: Personal communication. 

McLearn, F. H,, and Hume, G. S.: Bull. Am. Assoc. Pet. Geol. 2, No. 3, pp. 243, 244 (1927). 

Warren, P. S,, and Rutherford, R. L.: Am. Jour. Sci. 

7 McLearn, F. II.: Geol. Surv., Canada, Bull. No. 42, p. 119 (1926). 
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characteristic suture line, and so common a component of this fauna in the 
United States, has not yet been found by the writer in Canada but has 
been reported by some authors. 1 Warren and Rutherford, however, report 
that they have not found it 2 . Small, little ornate, Baculites is another 
characteristic of this fauna; the more ornate, nodose, and ribbed, Baculites 
do not appear until the time of the Scaphites ventricosus fauna; but they 
are little larger at that time. In general it may be noted that the two 
Prionotropis faunas on Smoky river are somewhat unlike, in species, and 
that the very sparse fauna on Athabaska river differs from both in species, 
although Prionotropis is present; as none of these faunas is prolific too 
much stress cannot be laid on their unlikeness at present; until more is 
known of them the recognition of separate subfaunas belonging to hemerse 
within the age of Prionotropis must be postponed. 

The local range of the Scaphites ventricosus fauna has been described 
under succession. This is the “Niobrara” fauna or fauna with Uintacrinus , 
Inoceramus umbonatus, and Scaphites vermiformis 3 of the United States 
interior, where it is found in the upper part of the Colorado shale of northern 
Montana and in the Niobrara formation of the Great Plains. Among the 
species common to Blairmore area and the United States interior are 
Placenticeras syrtale, Scaphites ventricosus , S. ventricosus var. stantoni , S . 
vermiformis, Inoceramus exogyroides , and 7. undabundus , Reeside corre- 
lates this fauna with the Coniacian and Lower Santonian of Europe. In 
Canada this is the best known and most prolific of the Coloradoan faunas. 
On Bow river it is in the upper Benton formation. 4 * In west-central Alberta, 
at Mountain Park, it is found in the Wapiabi formation 6 , and Warren and 
Rutherford 6 state that it ranges to within 300 feet of the top of this forma- 
tion; among the species in common are Scaphites ventricosus and Inoceramus 
exogyroides . On Smoky river in northern Alberta this fauna occurs at the 
top of the Kaskapau shale and in the Bad Heart sandstone 7 . Species in 
common are Scaphites ventricosus, S. ventricosus var. saxitonianus, S . 
vermiformis , Baculites cf. asper, B. cf. anceps , Inoceramus exogyroides , 7. 
pontoni, and 7. coulthardi. On Athabaska river, in northern Alberta, this 
fauna, curiously enough, has not yet been found in the La Biche shale, 
although faunas which elsewhere precede and succeed it are present in this 
same formation. The important guide fossils to this fauna in Canada are : 
Inoceramus exogyroides, 7. pontoni, I. coulthardi, the species of the Scaphites 
ventricosus group, i.e., S . ventricosus , S. ventricosus var. stantoni, S. ventri- 
cosus var. saxitonianus , and S. vermiformis, and rather small, ornate, 
nodose, and ribbed Baculites: the Baculites are in part more ornate than 
those in the preceding Prionotropis fauna and much smaller than those of 
the succeeding Montanan faunas. 

The Inoceramus lundbreckensis fauna from near the top of the Colorado 
shale is probably close in time to the Eagle fauna of the United States 
interior. 8 This fauna is also present near the middle of the La Biche 

1 For instance Sinclair, J H.: G.S.A., Bull. 27, p. 680 (1916). 

£ Warren, P. S,, and Rutherford, R. L Am. Jour. Sci., vol. 16, p. 135 (1928). 

* For distribution, contents, and correlation of this fauna in the United States See Reeside, J. B., jun.: U.S.A. 
Geol. Surv., Prof. Pap. 132B, pp. 25-28. 

* Rutherford, R. L.: Alberta Sci. Indust. Res. Coun., Rept. No. 17, p. 31 (1927). 

8 Rutherford, R. L.: Alberta Sci. Indust. Res. Coun., Geol. Surv. Div., Rept. 11, p. 43. 

McKay, B. R.: Personal communication. 

‘Warren, P. S., and Rutherford, R. L.: Am. Jour. Sci., 16, p. 133 (1028). 

7 McLearn, F. H.: Geol. Surv., Canada, Bull. 42, p. 119 (1926). 

6 McLearn, F. H., in McLearn, F, H., and Hume, G. S.: Bull. Am. Assoc., Petrol. Geols., vol. 2, p. 247 (1927). 
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shale, on Athabaska river, where Inoceramus lundbreckensis , Baculites cf. 
ovatus Say, and Ostrea cf, congesta Conrad are found. It is possible that 
this fauna is the same as one, containing Baculites ovatus , which occurs in 
the upper part of the Colorado shale in parts of Alberta. Hume 1 has 
noted it in Turner valley, Rutherford 2 on Jumpingpond creek, and Warren 
and Rutherford 3 at various localities. Warren and Rutherford correlate 
their U B. ovatus ” fauna with the Telegraph Creek fauna of the United 
States interior . 4 

The Inoceramus cf. lundbreckensis fauna in the basal beds of the Allison 
formation is a depauperate marine one and includes Legumen napii n, sp., 
Ostrea saxitoniana n. sp., Pteria sp., Plena! sp., Inoceramus cf, lund- 
breckensis, and shark and other teeth. None of these species is known 
elsewhere. The resemblance of Inoceramus cf. lundbreckensis to I . lund- 
breckensis , however, suggests that it is very close in age to the I. lund- 
breckensis fauna and not far from that of the Eagle fauna. 

The preservation of the Corbula fauna is rather poor for determination 
of age. Its marine contents may be a last survival of the Eagle fauna. 
The Claggett or Pakowki fauna appears to be absent and here 5 as in north- 
western Montana 6 the Claggett or Pakowki sea does not appear to have 
extended as far west as the later Bearpaw sea, although there is no evidence 
that the Bearpaw extended farther west than the Disturbed Belt in south- 
west Alberta. The very earliest Montanan sea, of Inoceramus lundbrecken- 
sis time, may have extended farther west than the Bearpaw, in southwestern 
Alberta as well as in west-central Alberta, as noted by Rutherford . 7 

The age of the Allison flora is discussed in an accompanying paper . 8 

In the Unto danae fauna, which occurs in the upper and greater part 
of the Allison formation, Unio danae and Sphaerium planum suggest corre- 
lation with the Foremost and Pale Beds of southern Alberta and the Judith 
River formation of the United States interior; they do not define its 
upward range, however, for they are long-ranging species. The entire 
Allison formation, therefore, embraces equivalents of the Eagle, Claggett, 
and Judith River formations of the United States interior and Milk River, 
Pakowki, Foremost, and Pale Beds of the southern plains of Alberta. 
Whether it extends higher to include the equivalents of the Bearpaw and 
even higher to embrace the equivalent of the St. Mary River, etc,, is not 
known. 

1 Hume, G. S.: Geol. Surv., Canada, Sum. Rept. 1926, pt, B, pp. 6, 7 (1927). 

* Rutherford, R. L,: Alberta Sei. Indust. Res. Coun., Rept. No. 17, pp. 31-33 (1927). 

* Warren, P. S., and Rutherford, R. L.: Am. Jour. Sci., vol. 16, pp. 133, 136 (1928). 

4 Warren, P, S., and Rutherford, R. L.: Am. Jour, Sci., vol, 16, p. 135 (1928). 

* McLearn, F. H.: Geol. Surv., Canada, Sum. Rept. 1914, p. 63 (1915). 

8 Stebinger, Eugene: U.S. Geol. Surv., Prof. Pap. 90G, pp. 67, 68 (1615). 

» Rutherford, It, L.: Alberta Sci. Industr. Res. Council, Rept. No. 17, p. 37 (1927). 

* Berry, Edward W.: The Allison Flora, this volume. 
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Plats I 

(Specimens are of natural size, unless otherwise stated) 
From Femie formation [Callovian], Blairtoore area, Alberta. 


Paracephalites glabrescem S. Buckman n. sp. (Page 10.) 

Figure 1 , Side view of a wholly septate specimen: L2 and aux. somewhat worn. See Plate 
II, figure 4. 

Figure 2. Ventral view. 

Figure 3. Apertural view. 

See also Plate II, figures 5, 6. 


Miccocephalites laminatus S. Buckman n. sp. (Page 14.) 

Figure 4. Side view, 4a, X 2. 

Figure 5. Ventral view, X 2. 


Miccocephalites miccus S. Buckman n. sp. (Page 15.) 

Figure 6. Side view, 6a, X 2. 

Figure 7. Ventral view. 

See also Plate III. 


Plate I 
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Plate II 

(Specimens are of natural size, unless otherwise stated) 
From Ferine formation [Callovian], B la inn ore area, Alberta. 


Paracephalites jucundus S. Buckman n. sp. (Page 8.) 

Figure 1, Side view, right side. R. restored. 

Figure 2. Side view, left side. 

Figure 3. Ventral view. 


Paracephalites glabrescens S. Buckman n, sp. (Page 10.) 

Figure 4. Suture-line: LI with terminal lobule imperfect; L2, not worn. See Plate I, 
figure 1. 

Figure 5. Cross-section of the larger portion showing contour of inner whorls. 

Figure G. The same of smaller portion, also showing suture-line on inner margin. 

See also Plate I, figures 1-3. 


Plate II 
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Plate III 


(Specimens arc of natural size, unless otherwise stated) 

Figures 1-11 from specimens from Fernie formation [Callovian], Blairmore area, Alberta 
figures 12-14 from specimens from England (Callovian), 


Mctacephalites metastatus S. Buckman n. sp, Holotype. (Page 11.) 


Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 


Side view. 

Apertural view, showing also EL of last suture-line. 
Ventral view, early part of body-chamber. 

Ventral view, last part of body-chamber. 


M iccocephalites concinnus S. Buckman n. sp. Holotype. (Page 15.) 

Figure 5. Side view, right side, 5a, X 2. 

Figure 6. Side view, left side, showing suture-line. 

Figure 7. Apertural view, X 2. 

Figure 8. Ventral view, X 2. 


M iccocephalites concinnus S. Buckman n. sp. Paratype. (Page 15.) 

Figure 9. Side view, 9a, X 2, outer whorl body-chamber. 

Figure 10. Peripheral view, X 2. 


M iccocephalites concinnus S. Buckman n. sp. Paratype. (Page 15.) 

Figure 11. Side view, 11a, X 2, last part of outer whorl is body-chamber. 

Catacephalitcs durus S. Buckman. (Page 16.) 

Figure 12. Side view. From “Kellawaya-Rock”, South Cave (Callovian, pr e-koenigi?), 
south Yorkshire, England, Mr. Frank Fetch, collector. To compare with Paracephalites . 

Figure 13. Apertural view. 


A Macrocephalite. (Page 17.) 

Figure 14. Fragment of body-chamber (side view). From |lower part of] Kellaways Rock 
(Callovian, post -koenigi), Chippenham, Wiltshire, England. It is embedded in the body-chamber 
of the holotype of Ammonites galilaeii Oppel (b ) , and is in the Oppel collection in the Paleontological 
Museum, Munich, Bavaria, kindly lent by Dr. Edgar Dacque. To compare with M iccocephalites 
and Macrocephali curvicostati. 

Figure 14a. Earliest whorls — smooth, brephic (Cymbites) stage belonging possibly to the 
same specimen, but shifted out of position. For photographs of Ammonites galilaeii, See Type 
Ammonites, vol. IV, 1922, PI. CCXC. 


Plate III 
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Plate IV 


(Specimens are of natural size, unless otherwise stated) 

Figures 1, 2. Marchanlites blairmorensis Berry, Locality CH7. (Page 34.) 
Figure 3. *S agenopteris mclearni Berry. Locality CH7. (Page 36.) 
Figures 4, 5. Sagenopteris elliptica Fontaine. Locality CH4. (Page 35.) 


Plate IV 
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Plate V 


(Specimens are of natural size, unless otherwise stated) 

Figures 1-4. Cladophlebis hetcrophylla Fontaine. Locality CK1. (Page 39.) 

Figures la, 2a, and 3a. Enlarged linnules to show venation. 

Figures 5, 6. Olcandra gramimefolia Knowlton. Locality CN1. (Page 38.) 

Figure G. Enlarged twice to show venation. 

Figure 7. Sagcnopteris mantelli (Dunker) Schenk. Locality CH2. (Page 37.) 
Figures 8, 9. Sagenopteris mclearni Berry. Locality CS2. (Page 36.) 

Figure 8. Showing extended instead of obtuse tip. 

Figure 9. Specimen showing parts of five pinnules. 


Plate V 
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Plate VI 

(Specimens are of natural size, unless otherwise stated) 
Podozamites lanceolatus (Lindley and Hutton) F. Braun. Locality CKl. (Page 45.) 


Plate VI 
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FlGtTRE 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6, 
Figure 7. 
Figures 8 


Plate VII 


(Specimens are of natural size, unless otherwise stated) 


Coniopteris pachyphylla (Fontaine) Berry 

Specimen from Kootenay locality CK1, (Page 42.) 

Pinnule of same. 

Specimen from lower Blairmore locality CHS. (Page 42.) 

Pinnule of same. X 4. 

N i Isonia scha umbu rgensis (Dunker) Nathorst. Locality CK1. (Page 47.) 
Large leaf of Ginkgo arctica Heer, Locality COl. (Page 48.) 

Cycadolepis sp. Locality CN1, (Page 44.) 

11. Stenorachis canadensis Berry. Locality DB1. (Page 45.) 


Plate VII 
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Figuee 1. 
Figuhe 2. 
Figure 3. 


Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 


Figure 8. 
Figure 9. 


Plate VIII 


(Specimens are of natural size, unless otherw ise stated) 


CzekanowsJcia sp. (Page 47.) 

Locality C01, showing scaly base. 

Fragment of same at a dichotomy to show venation. 
More forked specimen from locality CKl, 


Athrotaxopsis grandis Fontaine. Locality CHS. (Page 51.) 
A twig. 

Fragment of same enlarged. 

Cones. 

Nageiopsis sp. Locality DBl. (Page 50.) 


Sapindopsis hr evi folia Fontaine (?). (Page 54.) 

Locality DBL 
Locality DF1. 


Plate VIII 
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Plate IX 


(Specimens are of natural size, unless otherwise stated) 


Ficus ovaiifolia Berry (?). (Page 61.) 

Figures 1-4. Locality CS4. 

Figure 5. Locality CH9. 

Figure 6. Sapindopsis belviderensis Berry (?). Locality CS3. (Page 65,) 


Plate IX 



Plate X 


(Specimens are of natural size, unless otherwise stated) 

Figures 1, 2. Menispermites reniformis Dawson (?). Locality CH9. (Page 62.) 
Figure 3. Podozamites stenopus Lesquereux. Locality CS4. (Page 60.) 

Figure 4. Daphnophyllum dakotense Lesquereux. Locality CH9. (Page 63.) 
Figure 5. Magnolia alternans Heer (?). Locality CHS. (Page 62.) 

Figure 6. Populus cf. berggreni Heer. Locality CH9. (Page 61.) 

Figure 7. Paliurus ovalis Dawson. Locality CS4. (Page 63.) 

Figure 8. Sapindopsis magnifolia Fontaine. Locality CS4, (Page 64.) 


Plate X 
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Figure 1. 
Figure 2, 


Plate XI 


(Specimens are of natural size, unless otherwise stated) 

Zamites alhertensis Berry n. sp. Locality CC1. (Page 68.) 
Zamites alhertensis Berry n. sp. Locality CC1. (Page 68.) 


Plate XI 
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Plate XII 

(Specimen f natural size) 

Figure 1 . Platanus ap. Locality CC1. (Page 70.) 


Plate XII 
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Figure i. 
Figure 2. 
Figure 3. 
Figure 4. 


Figure 5. 
Figure 6. 


Figure 7. 
Figure 8. 
Figure 9, 


Plate XIII 


(Specimens are of natural size, unless otherwise stated) 


Unio hamili McLearn n, sp. (Page 73.) 

Dorsal view of paratype. Nat. Mus. Canada, Cat. No. 9029a. 
Left valve, same specimen. 

Dorsal view of holotype. Nat. Mus. Canada, Cat. No. 9029. 
Left valve, same specimen. 


Unio cf. hamili McLearn (Page 74.) 

Right valve, X 2. Nat. Mus. Canada, Cat. No. 9030a. 
Left valve, X 2. Nat. Mus. Canada, Cat. No. 9030. 


Unio natosini MeLearn n. sp. (Page 73.) 

Anterior part right valve, paratype. Nat. Mus. Canada, Cat. No. 9028a, 
Posterior part left valve, holotype. Nat. Mus. Canada, Cat. No. 9028. 
Right valve, paratype. U.8. Nat. Mus, 


Plate XIII 
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Figure 1. 
No. 9032b. 
Figure 2. 
Figure 3. 
Figure 4. 


Figure 5. 


Figure 6. 


Figure 7. 


Figure 8. 
Figure 9. 


Plate XIV 

(Specimens are of natural size, unless otherwise stated) 

Corbula ? onestae McLearn n. sp, (Page 75.) 

Interior left valve, showing dentition, X 2. Paratype IS at. Mus. Canada, Cat. 

Left valve, paratype, X 2. Nat. Mus. Canada, Cat. No. 9032a. 

Right valve, paratype, X 2. Nat. Mus. Canada, Cat. No. 9033. 

Left valve, holotype, X 2. Nat. Mus. Canada, Cat. No. 9032. 

Corbula ? palliseri McLearn n. sp. (Page 75.) 

Right valve, holotype. Nat. Mus. Canada, Cat. No. 9034, 

Unio hamili McLearn n. sp. (Page 73.) 

Dorsal view, paratype. Nat. Mus. Canada, Cat. No. 9029b. 

Pholadomya nitanae McLearn n. sp. (Page 7G.) 

Roth valves, holotype. Nat. Mus. Canada, Cat. No. 9030. 

Ostrea saxiloniana McLearn n. sp. (Page 78.) 

Interior, holotype. Nat. Mus. Canada, Cat. No. 9039. 

Mould of interior, paratype. Nat. Mus. Canada, Cat. No. 9039a. 

Unio sp. (Page 74.) 


Figure 10. Dorsal view. Nat. Mus. Canada, Cat. No. 9031. 


Plate XIV 
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Figure 1. 
Figure 2. 
Figure 3, 


Figure 4. 


Plate XV 

(Specimens are of natural size, unless otherwise stated) 

Martesia mecvoyi McLearn n. sp. (Page 75.) 

Left valve, holotype, X2. Nat. Mus. Canada, Cat. No. 9035. 
Left valve, paratype, X2. Nat. Mus. Canada, Cat. No. 9035a. 
Left valve, paratype, X2, Nat. Mus. Canada, Cat. No. 9035b. 

Inoceramus litndbreckensis McLearn n. sp. (Page 77.) 
Right valve, holotype. Nat. Mus. Canada, Cat. No, 9037. 


Plate XV 
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Figure 1. 


Figure 2. 


Plate XVI 

(Specimens are of natural size, unless otherwise Stated) 

Legumen napit McLearn n. sp. (Page 79.) 

Left valve, liolotype. Nat. Mus. Canada, Cat. No. 9040. 

Inoceramus lundbreckemis McLearn n. sp. (Page 77.) 
Right valve, para type. Nat. Mus. Canada, Cat. No. 9037a. 


Plate XVI 
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Plate XVII 

(Specimens are of natural size, unless otherwise stated) 

Inoceramus cf. lundbreckenaia McLearn. (Page 78.) 
Figure 1. Left valve. Nat. Mus. Canada, Cat. No. 9038. 


Plate XVII 
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Plate XVIII 


(Specimens are of natural size, unless otherwise stated) 


Scaphitcs v entricosus var. saxitonianus McLearn n. var. (Page 77.) 

Figure 1 . Suture-line of holotype. Nat. Mus. Canada, Cat. No. 9041. 
Figure 3. Side view of same specimen. 

Figure 3. Ventral view of same specimen. 


Plate XVIII 
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Figure 1. 
Figure 2. 


Plate XIX 

(Specimens arc of natural size, unless otherwise stated) 

Scaphites ventricosus var. saxitonianus McLearn n. var. (Page 77.) 

Side view of paratype. Nat. Mus. Canada, Cat. No. 9041a. 

Same specimen, ventral view. 


Plate XIX 
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